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SEPARATING BAFFLE 
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dust and fume 


control 


THE DUCON TYPE V 


@ 


@ 50% less space requirements than other 
high energy scrubbers. 

@ Higher operating efficiency at 
lower horsepower. 


® Adjustable orifice maintains peak efficiency 
when operating conditions vary. 


@ Economical in first cost and operating cost. 


@ Simplicity of design permits economical alloy 
construction or ocid brick lining. 


© 99% efficiency below 2 micron and in 
sub-micron range. 


The Ducon Type VO Oriclone Scrubber—the only high energy 
scrubber with an adjustable orifice—is the most effective and 
most economical dust and fume collector for a wide range of 
industrial applications, including recovery of catalyst dust, 
cupola dust and fumes, acid mists, tar fog and many others. 


The Oriclone Scrubber is a completely integrated unit that 
performs the entire separation cycle. No subsequent collector 


is needed. 


Send today for detailed information on Oriclone. 


147 EAST SECOND STREET + MINEOLA, L.1., NEW YORK 


THE DUCON COMPANY of CANADA, Ltd., 
1131 Pettit St., BURLINGTON, ONTARIO 


YCLONES: CENTRIFUGAL WASH. COLLECTORS TUBU R CLOTH FILTER VALVES 
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GAS-LIQUI 
SLUDGE OUTLET PIPE 
> 


Disc 
Scrubber 


Removes 
Sub-Micron 
Fumes 


The Research-Cottrell high 
efficiency scrubber uses the unique 
flooded disc principle for removing 
sub-micron fumes in steel-making 
furnaces and chemical processing. 


As shown in the illustration, the 
outstanding feature of this scrubber 
is the simple, adjustable “flooded 
disc.” The flooded disc adjusts for 
maximum cleaning efficiency over 
a wide range of operating conditions. 
io 
adjusts the disc to meet your varying 
gas and dust control problems. 
Research-Cottrell, with over 48 


years of industrial gas cleaning 
experience, will be glad to consult 
with you on any specific problem. 


Research-Cottrell 


RESEARCH-COTTRELL, INC., Main Office and Plant: Bound Brook, N. J. eum aka 
Representatives in principal cities of U.S. and Canada 


For further ti 

information, 
write for 

Bulletin 110. 
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portaste. ACCurate to1/00th micron 
This is the same air sampler 

originally developed by the 

New York Office of the 

Atomic Energy Commis- 

sion. Weighs only 10 

weisns omy pounds. Fully portable. 
Stands up under heaviest usage. Yet, it does 
in 10 minutes what formerly took 36 hours. 


{ The Staplex samples huge volumes of air by 
passing it through filter paper 4” in diameter. 
Special adapters are available for 6x9”, 8x10” 
and 12x12” filters. A turbine-type blower, 
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RESEARCH — Missile pro- 
grams; universities; nuclear 
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The Staplex Company, Air Sampler Division 
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LETTERS 
to the 
_ EDITOR 


International Commission 
Editor: 

As you may know, as a result of our 
International Conference in October 
last, we are looking into the possi- 
bilities of strengthening international 
co-operation in the field of air pollu- 
tion and its prevention. I knew that 
your own Association was also looking 
into this question, and have recently 
had a letter from Mr. Purcell of the 
County of Allegheny referring to this, 
and suggesting that you would be able 
to give me more information on what 
was being done. 

I should therefore be very pleased 
indeed to hear from you about your 
own inquiries and the kind of organi- 
zation that you have in mind or might 
be able to envisage being developed. 
We have not yet gone very far in the 
matter and there do seem to be con- 
siderable difficulties, except perhaps 
along the line of information exchange. 
The World Health Organization is also 


looking into the possibilities of 


strengthening international liaison in 
this field of work, but this presumably 
will have the most emphasis on the 
health aspects. 

One of the difficulties seems to be 
the disparity between the different 
bodies and centers in different coun- 
tries. I shall, of course, be glad to 
keep you informed of anything we may 
consider, or any action we may be 
contemplating, and I hope that we will 
be able to maintain contact.in our ex- 
plorations. 

We greatly valued the presence of 
some of your colleagues at our Con- 
ference last October, which they helped 
and strengthened in many ways. As 
you may have gathered, we were rather 
overwhelmed by the response to this, 
both in the number of overseas dele- 
gates and in the number of papers that 
were sent in. We have not yet entirely 
recovered, but the final volume of “Pro- 
ceedings” is in hand and should be 
published within two or three months. 

Arnotp MarsH 

Director 

National Society for Clean Air 
London, England 


Editor: 

Your idea on an international com- 
mission of air pollution control is very 
clever, prudent, and opportune. Air 
over the globe especially that covers 
industrial countries are going to stain 


(Continued on next page) 
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EDITORIAL 


International 


Although this editorial was written a month prior to the Annual 
Meeting, every indication at that time was that the 53rd Annual 
Meeting in Cincinnati would be one with considerable international 
flavor. Several Western German industrialists, in this country for 
visits to air pollution control agencies and installations, were con- 
templating the Annual meeting. Dr. Andre Roussel, here to study 
air pollution control programs under an Eisenhower Exchange Fellow- 
ship for a period of one year as one of the guiding lights of the new 
French Air Pollution Prevention Association, was also registered. In 
addition to these international visitors, other registrants were ex- 
pected from as far away as Australia. 

If these registrants were not enough to indicate the international 
character of the Air Pollution Control Association, the election of 
Harry A. Belyea, a Canadian, as President of the Association puts 
additional emphasis on the international aspects of APCA. Our 
membership directory lists members in Australia, Egypt, England, 
France, Germany, Italy, Japan, Mexico, the Netherlands, South 
Africa, Sweden, Switzerland, and Venezuela. We have obtained 


many new members from other foreign countries since publication of 
the directory. 


Walter Wagner Sparks Idea 
’ The late Walter C. Wagner of the Philadelphia Chamber of Com- 
merce spark plugged the idea of an International Commission on Air 
Pollution, and in 1955, working as chairman of a special committee 
composed of nine past presidents of APCA and later also with H. M. 
Pier, Executive Secretary, prepared statutes for the international 
commission. The nature of the organization proposed in these 
statutes was this: the International Commission on Air Pollution 
would be a voluntary, co-operative nonprofit international forum to 
provide for the advancement and promotion of knowledge of air 
pollution and its control by the effective interchange, through corre- 
spondence, of scientific and technical information relating to research 
developments and applications. 

The special task force presented a report to APCA’s Board of 
Directors on October 14, 1957. This was the result of two years of 
effort which resulted in voluminous correspondence between Walter C. 
Wagner and outstanding scientists interested in the field from all over 
the world. In its summary to the Board of Directors of APCA, the 
special task force said “Our Association’s leadership, now recognized 
throughout the entire technical world, both here and abroad, would 
render a positive disservice to progress unless it assumes the leader- 
ship in this definite responsibility.” .The APCA Board of Directors 
re-affirmed its policy by unanimously passing a motion at its May 25, 
1958, meeting accepting the work of the committee that the formation 
of an international commission be pursued further by placing it on 
subsequent agenda. 

Formation of such an organization takes a considerable length 
of time. It is not easy. However, a letter to the editor appearing 
in this Journat from Arnold Marsh, Director and Secretary of the 
National Society for Clean Air of England surely indicates his 
particular position and that of his Society. The other letter from 
Takahide Taga, Chief Director and Executive Secretary of the Kanto- 
Shin-Etsu Heat Control Society of Japan clearly indicates the inter- 
est which he has in the formation of an international commission. 
Every effort shall be made from headquarters to promote the forma- 
tion of an international commission in accordance with the Board 
policy. APCA’s leadership in this, as well as the other aspects of the 
field of air pollution control, must be demonstrated. 
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offers a 
hew concept 
in electric 
furnace 
exhaust 


After years of develo Pangborn now 
offers effective control of smoke, fumes and 
dust from electric melting furnaces with min- 
imum interference to furnace operations and 
maintenance. The hood design is based on 
the fundamental dust control principle of con- 
fining and capturing fumes and dust immedi- 
ately adjacent the source. Effective control is 
secured with substantially reduced exhaust 
air volumes. 


The Pangborn Exhaust Hood reduces the 
weight carried by the furnace roof; reduces 
hood areas subject to high temperatures; re- 
duces electrode travel limitations and is ap- 
plicable to top and side charge furnaces of 
all types and sizes. 

With the exhaust hood connected to an 
efficient Pangborn Cloth Bag Collector, 
compliance with the most rigid air pollution 
control regulations is For informa- 
tion call the Pangborn man in your area or 

ivd., ‘stown, acturers 


(Continued from page 181) 


year after year. The main reason of 
the stagnance comes from the gigantic 
development of industries to meet 
natural or, I might say selfish growth 
of human beings. If we leave them as 
they are, i.e., free competition of pro- 
duction without considering its effect 
upon our surroundings, the purpose of 
promoting our standard of life might 
be cancelled morally with the increase 
of nuisance around our daily life. We 
could say that we are hastening to our 
final goal, the death, purposely shorten- 
ing or fouling the passage of polluted 
air. Is this the way that civilization 
should be? 

Things seem to have been left un- 
heeded too long. Now, the time has 
come to lay our hands together on 
them, quite aloof of borders and na- 
tionalities, for the sake of improving 
our surroundings as well as promoting 
happiness of those coming after us. 

Your idea is very much appreciated 
and I will do my best, within my ability 
and convenience, to help you take steps. 

TAKAHIDE TAGA 
Chief Director 
The Kanto-Shin-Etsu Heat 
Control Society 
Bunkeyo-Ku, Tokyo, Japan 


Atmospheric Pollutants 
Under Study at IIT 


Atmospheric pollutants and _ their 
relationship to respiratory infections 
are bemg studied by scientists at 
Armour Research Foundation of Illinois 
Institute of Technology. Sponsored by 
the Air Pollution Medical Program of 
the U. S. Public Health Service, the 
program at present is concerned only 
with effects from gaseous pollutants, 
according to Dr. Richard Ehrlich, 
supervisor of biological research. 

The study is designed to determine 
whether or not pollutants, such as 
ozone, sulfur dioxide, nitrous oxides, 
and hydrocarbons commonly found in 
community atmosphere affect the re- 
sistance to respiratory infections, such 
as pneumonia. 

In this program a team of ARF sei- 
entists under Sol Miller, research bae- 
teriologist, is exposing mice to an 
atmosphere containing individual gase- 
ous pollutants. Some of the mice have 
been exposed to an airborne, pneu- 
monia-causing bacteria, Klebsiella 
pneumoniae, before placement in the 
polluted atmospheres, others exposed 
to the disease-producing bacteria after- 
ward. In this way, the scientists are 
able to note the effects of atmospherie 
pollutants on the laboratory animals 
both before and after exposure to the 
respiratory infection. 


Journal of the Air Pollution Control Association 
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MODIFICATIONS to REDUCE EMISSIONS from a Flue-Fed 


INCINERATOR’ 


E. R. KAISER, Senior Research Scientist and J. HALITSKY, Research Scientist of New York University; 
M. 8. JACOBS, Director of Bureau of Laboratory and L. C. MeCABE, Consultant and 
Project Director, Department of Air Pollution Control, City of New York 


Since January, 1957 New York Uni- 
versity has conducted a research pro- 
gram to reduce air pollution from flue- 
fed incinerators of the type commonly 
used in apartment buildings. The pro- 
gram has been supported by research 
grants from the National Institutes of 
Health, U. 8. Public Health Service. 

The primary objective of the program 
is to develop and evaluate by field tests 
various modifications to existing in- 
einerator installations that will reduce 
the emissions of particulate matter, 
noxious gases, smoke, and odor to the 
atmosphere. A secondary objective is 
to obtain data and experience to guide 
the selection of incinerator features for 
new installations. A 

Flue-fed incinerators, with charging 
hoppers on each occupied floor, are a 
convenience to the tenant, and reduce 
the weight and volume of refuse to be 
removed from the premises. Such in- 
cinerators are widely used throughout 
the country. Approximately 11,000 
flue-fed incinerators, which are esti- 
mated to burn 600,000 tons of refuse 
annually, are in use in New York City 
alone. Incinerators to dispose of gar- 
hage and other waste matter are re- 
quired by law in New York City for 
multiple dwellings of four or more 
stories occupied by more than 12 
families and erected after October 1, 
1951. Nevertheless, to reduce air pollu- 
tion some cities have adopted restric- 
tions against new installations. 

Of the total number of complaints of 
air pollution received by the Depart- 
ment of Air Pollution Control in 1957, 
approximately one-fifth were directed 
against incinerators. The complaints 
were caused by particulate matter, 
smoke, and odor in that order. The 
emissions from incinerators are re- 
ported to be a major source of air 
pollution in the vicinity of apartment 
buildings, particularly in the highly 
populated areas. 


* Presented at the 52nd Annual Meeting 
of APCA, Statler Hotel, June 22-26, 1959, 
Los Angeles, Calif. 
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The first report of the project de- 
scribed the performance of a typical 
single-chamber, flue-fed incinerator and 
the manner of its normal operation in a 
16-story apartment building in New 
York City.! The emissions of par- 
ticulate matter, noxious gases, smoke, 
and odor had been determined to pro- 
vide a basis for comparison with similar 
measurements when the same or iden- 
tical incinerators were modified to re- 
duce the emissions. 

The present report indicates what 
reductions in emissions may be expected 
in practice by the use of various de- 
vices that can be added to existing in- 
stallations. 

The criteria for selecting the devices 
evaluated were: (1) adaptability to 
existing single-chamber, flue-fed incin- 
erators, (2) simplicity of operation, (3) 
reduction of air pollution, particularly 
neighborhood nuisances, (4) durability 
and low maintenance, and (5) reasonable 
investment and operating costs. 


Because the tests were limited to one 
size of incinerator and were limited by 
other. field conditions, tests should 
be regarded as indicative and relative, 
and by no means exhaustive. 


Basic Incinerator, Flue, and Cycle 


The tests were conducted on the in- 
cinerators in three buildings of a nine- 
building group of the Fordham Hill 
Apartments, Borough of Bronx, New 
York City. Each building had 128 
apartments totaling 511 rooms on 16 
floors, with a total occupancy of 295 to 
305 persons. The buildings and in- 
cinerators were identical for all prac- 
tical purposes. The unmodified in- 
stallations consisted of furnaces as 
shown in Fig. 1. A 27 x 27-in. brick 
flue extended from the right rear 
corner of each furnace roof a distance 
of 189 ft to a “spark arrester’’ screen 
43 ft above the building roof. The 
incinerators were located in interior 
basement rooms provided with air 


Fig. 1. Incinerator interior and cross section of flue and hopper door. 
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supply ducts to the outside. 

The illustrated service doors (hoppers) 
into the flues were located in closets 
on each of the 16 occupied floors. The 
closets were normally unlocked and 
refuse could be dropped into the in- 
cinerators at all hours, A considerable 
amount of air entered the flue by leakage 
around the service hoppers and through 
louvers cast in the service-door frames 
of the lower 8 floors. The area of the 
cast openings was 144 sq in., and the 
air leaking into the flue was approxi- 
mately four times the amount of air 
that entered the furnace. 

The charging during a typical day is 
graphed in Fig. 2. Most but not all of 
the loose refuse was in paper bags or 
wrapped in newspaper. The refuse 
included garbage, tin cans, bottles, 
rags, sweepings, wire coat hangers, 
wrappings, etc., but few newspapers 
unless used for wrapping refuse. 

In conformity with local regulations, 
any fire left in the incinerator was ex- 
tinguished by 5 P.M. The refuse 
dropped between that hour and 8 A.M. 
the following morning, about 275 lb, 
normally produced a compacted pile 
of heavy refuse under the flue to the 
height of the furnace roof, Some ma- 
terial had also rolled to the other areas 
of the hearth and grate. The top of 
the charge was predominantly paper. 
Cartons and other refuse were also 
charged through the furnace door by 
the building porter. 

The charge was normally ignited 
between 8 and 8:30 A.M. and allowed 
to burn unattended until 10 to 11 A.M., 
when the attendant raked the remaining 
refuse forward off the rear hearth to 
the grate. A vigorous resumption of 
combustion ensued. After near com- 
pletion of the burn, the residue was 
removed. Refuse dropped between the 
cleanout and 5 P.M. was burned auto- 
matically on the low residual fire. 
Depending on circumstances, the charge 
was reignited if necessary during mid- 
afternoon. 


Test Conditions, Apparatus, and 
Procedures 


Late in the afternoon prior to the day 
of a test, the service closets were locked 
and the furnace and ash pit were 
cleaned. The tenants deposited refuse 
in containers provided at each floor. 
At intervals during the evening and 
again early on the day of a test, the 
refuse was weighed at each floor and 
dropped through the service hopper at 
that level. ing was completed 
when a total of 275 Ib had been de- 
posited. The hoppers were normally 
kept locked during the tests, but some 
runs included charging while burning. 

At the start of a test, the charge was 
ignited at the furnace door. The air 
shutters remained at the same setting 
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throughout the burn except as will be 
indicated for the Werner Device. The 
charge was raked forward once during 
the burn when flaming had nearly 
ceased. The tests were terminated 
when the operator noted the lack of 
flame. However, the dust sampling 
of the flue gas was continued during 
the removal of the residue following the 
termination of combustion. Light water 
quenching was used on any material 
that rekindled when the residue was 
being removed. 

A detailed description..of the test 
apparatus and procedure was given in 
the previous report.! Briefly, gas tem- 
peratures, drafts, and velocities were 
measured in the furnace, Jower flue, and 
upper flue. The furnace thermocouple 
junction was located 1 ft in each 
direction from the upper right corner 
of the furnace. Gas samples were 
taken continuously for determination of 
aldehydes, ammonia, organic acids, 
esters, nitrogen dioxide, phenols, and 
sulfur dioxide. Particulate matter in 
the flue gas was sampled isokinetically 


in the center of the flue at the 16th- 


floor level and collected in filter thimbles, 
followed by wet impingers. Smoke in 
a 2-ft column of flue gas from the upper 
flue was observed continuously by a 
photo-electric meter. 

A von Brand filtering recorder was 
used to measure the “quantity of reflect- 
ance units of dirt shade’? or area- 
covering blackness in a unit volume of 
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Fig. 2. Average hourly charging rates by 
tenants. Total of 430 Ib or 1.44 lb daily per 
tenant. 


flue gas. The results were expressed 
as Q-Ruds per lb of gasified charge. 
Odor in the flue gas was determined by 
the ASTM Tentative Method (1956) 
and was expressed im concentration 
units equal essentially to the volumes 
of air necessary to dilute the flue gas 
to. below the limit of perception. 
Further details and results are included 
in the sections on each type of in- 
cinerator modification. 


Overfire Air Jets 


The roles of underfire and overfire 
air in the combustion of refuse and 
other solid fuels have been recognized 
for many years. Undergrate air is 
necessary in incinerators to expedite 
the combustion of the refuse below the 
layer that can be reached by overfire 
air, particularly during the latter half 
of the burn when cans, bottles, and ash, 


: NOZZLES, 3/4-in. DIA. 


AIR SUPPLY 


BLAST GATE 


Fig. 3. Overfire air manifolds, arrangement A. 
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cover the burning charge. Air is 
necessary over a deep fuel bed or 
charge to consume the combustible 
gases and unburned particles that are 
released in those zones of the charge 
where air supply and/or temperature 
are insufficient. The overfire air must 
be intimately mixed with the gasified 
fuel to be effective. A rich mixture of 
fuel in limited air exists in the refuse 
charge at the early stages of a burn 
when the ignition plane is progressing 
through the material. 

Rose and Crabaugh* have reported 
a decrease of contaminants of 35 to 
50% where overfire air is the predom- 
inant source of combustion air. Over- 
fire air jets have been used effectively 
for years to reduce smoke in bituminous- 
coal-fired boilers. Specific instructions 
for sizing and locating the jets have 
been published.‘ 

Two separate arrangements of overfire 
air nozzles were tested to provide in- 
creased turbulence near the top of the 
burning refuse, so as to promote more 
complete combustion of suspended par- 
ticles and gases. It was hoped that 
impingement of the air on the burning 
charge would also hasten its combustion 
and increase furnace temperatures, at 
least during part of the cycle. Arrange- 
ment A (Fig. 3) consisted of two 
standard 4-in. mild-stee] pipe manifolds 


entering the furnace through holes cut - 


in the front wall immediately below 
the furnace roof and tangent to the 
side walls. The overfire manifolds 
occupied unused space in the furnace 
and thus did not affect the furnace 
volume available for the charge. The 
manifolds were supported on the front 
wall and by pipe hangers at the ends 
in the furnace. The manifolds were 
joined to a 6-in. pipe header from a 
blower. The header was provided with 
& measuring orifice and blast gate. 

The longer (left) manifold had 10 
openings, */, in. diam, spaced 6 in. 
apart and directed downward 40° 
from the horizontal plane and perpen- 
dicular to the manifold. The right- 
hand manifold was shorter because of 
the flue and had only nine openings, 
/, in. diam, seven of which were 
angled 40° downward like those of the 
opposite manifold, which two holes were 
directed toward the space under the 
flue. The pipes showed no evidence of 
scaling or deterioration despite the 
fact that they were purposely subjected 
to the incinerator heat for months with- 
out benefit of air cooling except on test. 

Following beneficial results from the 
use of overfire air by Arrangement A, 
& simpler, one-pipe overfire manifold 
B was substituted for it, as shown in 
Fig. 4. The 5.5-in. mild-steel tube 
had 18 ports drilled */, in. in two rows, 
and directed downward 60° from the 
horizontal plane. The distance between 
pairs of holes was 6 in. The pipe was 
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closed at the far end and supported by 
a pipe hanger, although a slightly longer 
pipe might have been supported in a 
hole in the brickwork of the rear wall. 
The outside end of the pipe was con- 
nected to the blower discharge. No 
measuring orifice was provided as the 
air flow had been determined inde- 
pendently as a function of pressure 
differential across the ports. Figure 5 
illustrates the location of arrange- 
ment B in the furnace. 

With arrangements A and B, the 
overfire blowers were operated from 
light-off to quench. The blowers were 
not operated during ash removal. The 
ports in the air shutters of the furnace 
and ash doors were fixed at 2.6 and 5.2 
sq in respectively, the same as in tests 
of the basic incinerator. 

The improvement in performance is 
shown by the reduction in emissions in 
Table I. 

The atmosphere in the furnace was 
uniformly clearer when the jets were in 
use. The peak temperatures in the 
furnace were 140 to 370°F higher 
generally when overfire jets were used. 
The average furnace temperatures were 


NOZZLES, 
3/4-in. DIA, 


60 


Fig. 5. One-pipe overfire arrangement 8 and gas burner location. 


Fig. 4. Overfire air manifold and blower, ar- 
rangement B. Lower side of manifold shown 
at top. 


also higher because of more rapid com- 
bustion (shorter burning time) and 
correspondingly less excess furnace air. 

Both overfire jet systems improved 
the performance of the incinerator. 
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Refuse c lb 
Duration of burn, minutes 
Overfire jets, lb air per hr, avg 
Percent of total furnace air 
Blower output, cfm 
anifold pressure, in. we 
Furnace draft, in. we avg 
Emissions 
Particulate matter, lb for test 
Per 100 lb of charge, Ib 
er 1 of charge, 
Ruds (von Brand) 
oke, % light absorption, avg 
Odor concentration 
tem ture, max., 
Average, 
Flue gas at Ist floor, max., °F 
Average, °F 
Residue wgt, in % of charge 


With Overfire-Jet 

Basic ents 
Incinerator A B 
275 275 275 
105 90 
0 640 
0 10 8.6 
178 142 
— 0.45 0.74 
0.4 0.5 0.57 
3.62 3.01 2.18 
1.31 1.09 .. 0.79 
6.83 3.89 4.43 
2.48 1.41 1.61 
855 460 345 
2.81 1.27 1.10 
8 7 _ 
1160 1300 1530 
630 

1270 1410 1483 
450 495 589 
38 36 37 


Table li—Comparison of Emissions—Auxiliary Gas Firing 


ee Gas Burner 
One-Pipe and One-Pipe 
Basic Overfire Air Overfire 


Incinerator Jets Air Jets (B) 
Refuse charge, lb 275 275 275 
Duration of , Minutes 117 90 85 
Natural gas for test, Btu input 0 0 743,600 
Per 100 lb of charge, Btu 0 0 270,000 
ions 
Particulate matter, lb for test 3.62 2.18 1.40 
Per 100 lb of charge, lb 1.31 0.79 0.51 
Noxious , Ib for test 6.83 4.43 2.00 
Per 100 lb of charge, lb 2.48 1.61 0.73 
Q-Ruds (von Brand) 855 345 100 
Smoke, % light absorption, avg 2.81 1.10 0.18 
Odor concentration 8 — 10 
temperature, max, °F 1160 1530 1,655 
Average, 488 630 1,146 
Flue gas at Ist floor, max, °F 1270 1483 1,500 
Average, °F 450 589 822 
Residue wgt, in % of charge 38 37 gee 
under 


In consideration of its simplicity and 
performance, the one-pipe overfire sys- 
tem was the more satisfactory arrange- 
ment. The jets reduced the particulate 
matter in the flue gas and lowered the 
soiling of the von Brand tape. The 
quantity of noxious gases was second 
lowest during the test of the one-pipe 
jet system. In view of later experience, 
it was likely that part of the noxious gas 
may have been liberated by deposits on 
the flue from previous operations of the 
basic incinerator. By sampling in the 
lower and upper levels of the flue it was 
established that on tests with higher flue 
temperatures than in basic incinerator 
operation, noxious gaseous compounds 
were evaporated from the deposits in the 
flue which had been laid down by years 
of prior operation. This condition 
would not prevail if the overfire system 
were used daily. 

During operation, the one-pipe over- 
fire system was practically inaudible. 
However, when the chimney draft was 
high and the blower was shut down, as at 


the end of a burn, the jet manifold 


emitted a low-pitched tone of moderate 
intensity. The tone was eliminated 
by closing the blower inlet, although 
90% closure was almost as effective, 
Simple yet automatic means for pre- 
venting this organ-pipe effect could be 
devised. 


Auxiliary Fuel Firing 


The presence of unburned gases and 
carbonaceous particles in the flue 
gas, despite the presence of a high excess 
of turbulent air in the furnace, indicated 
the need for additional furnace tempera- 
ture. Theoretically, a reduction in 
excess overfire air would elevate the 
combustion temperatures, but the rate of 
burning would also decrease in the in- 
cinerator. The cold furnace surfaces 
and the moisture in the charge also 
absorbed considerable heat. 

To supply additional heat a standard 
gas-fired incinerator burner with integral 
blower and controls was_ installed 
centrally on the front wall of the in- 
cinerator in the space available between 
the furnace doors and the one-pipe 
overfire system, as shown in Fig. 5. 
The burner, electric igniter, controls, 
burner tile, and other features are 
shown in Fig. 6. 

The gas orifice was arbitrarily ad- 
justed to deliver approximately 525,000 
Btu of natural gas per hour. The air 
damper on the blower inlet was adjusted 
to maintain a flame from the front wall 
to the entrance to the flue, about 4 ft. 
In the absence of premix of gas and air 
the flame was highly luminous, which 
was desired for maximum radiation to 
the charge and the suspended particles. 

The air shutters on the furnace and 
ash doors were left fixed at the same 
openings as in the tests of the over- 
fire jets. The one-pipe overfire-jet 
arrangement was operated in conjunc- 
tion with the gas burner to provide 
turbulence in the furnace. The over- 
fire blower was turned on when the 
charge was ignited, and the gas burner 
was turned on shortly after. 

The sampling of the flue gas for 
noxious gas was conducted in the lower 
flue (first floor level) and at the 16th 
flour. As a considerable amount of 
noxious gas from operation of the 
basic incinerator was distilled off the 
inside of the flue at the elevated tem- 
peratures obtained by gas firing, the 
amount of noxious gas in the lower 
flue is reported. By daily use of the 
auxiliary burner on a converted in- 
cinerator, the flue would eventually 
lose deposits that volatilize under the 
new temperature conditions. 

The results of the tests are summar- 
ized in Table II. 

The combination of auxiliary gas 
firimg and one-pipe overfire-air system 
reduced the emissions from the furnace 
to the lowest level of all arrangements 
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tested. The increased furnace temper- 
ature and the radiation from the gas 
flame promoted completeness of com- 
bustion and reduced the burning time. 
The furnace surfaces, which were black 
from carbon deposits in the basic in- 
cinerator, were largely restored to their 
original firebrick color when gas firing 
was used. The flame radiation to the 
residue also helped to reduce the quan- 
tity of unburned char present with the 
noncombustibles at the end of a burn. 
More white ash was present on the grate 
and in the ash pit than on runs with the 
basic incinerator or with overfire jets. 
Conversely, for the same quality of 
residue as from the basic incinerator, 
the operating time of the gas burner 
could have been reduced 10 to 15 min- 
utes, with a proportional saving of gas 
and some reduction in fly ash. 

The furnace atmosphere was un- 
usually clear during operation with the 
gas burner. The flue was practically 
free of any smoke. The von Brand 
tape had only minor soi] and the filter 
thimbles were cleaner than on other 
tests. The odor concentration in the 
flue gas was apparently not reduced by 
the gas burner, and may have been 
increased slightly. The difference was 
within the error of measurement. 


Hartmann Device 


A novel design of gas-fired secondary - 


combustion chamber inside a single- 
chamber incinerator was proposed by 
Henry Hartmann of Amityville, Long 
Island. Fabricated by the R. G. 
White Manufacturing. Co., of Ozone 
Park, N. Y., the secondary combustion 
chamber and flue (flame tube), as well as 
an overfirejet manifold, were made of 
stainless sheet steel. 

As illustrated in Fig. 7, a retractable 
steel plate was used to close the top of 
the furnace after a sufficient charge of 
refuse had accumulated. Of necessity 
the service hoppers must be locked when 
the top of the furnace is closed. A gas 
burner with integral blower was 
mounted on the furnace front on the 
axis of the flame tube. At the start of 
a test the burner was ignited to preheat 
the secondary chamber for two minutes, 
after which the refuse either ignited 
automatically or was kindled by the 
attendant. When the gas burner was 
the only source of heat, the gas temrer- 
ature at the flame-tube exit rose to 
825°F. The gas input rate was 275,000 
Btu per hr. The gas burner produced 
& blue flame which became yellow when 
mixed with the products of combustion 
oftherefuse. 

The refuse was burned by under- 
grate and overfire air, the latter supplied 
to a manifold by a small blower and 
distributed over the top of the charge 
by 32 orifices. All products of com- 
bustion entered the flame tube through 
& coarse grille. Natural draft on the 
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FLAME TUBE 


system was controlled by the damper on 
the barometric air duct. 

The space occupied by the flame tube 
and air ducts reduced the amount of 
refuse that could be charged to 200 lb 
from the original 275 lb. 

Seven tests were conducted on the 
Hartmann Device to determine its 
characteristics. Of these, three tests 
were under practical conditions that 
can be used as a basis for comparison 
with the basic incinerator. The aver- 
aged results are summarized in Table III. 

The absence of smoke from the stack 
was outstanding, as was the absence 


of bits of paper on the stack screen. 
The emission of particulate matter was 
half that in ordinary operation. The 
soiling property of the emission (Q- 
Ruds) was less than a third of that from 
the burning of the refuse in the un- 
modified incinerator. Low dust 
emission was partly the result of slower 
primary burning because of lower air 
velocities through the grate and partly 
because of secondary combustion of 
particles in the flame tube. 

The presence of some noxious gases 
may be the result of rapid chilling of the 
burning natural gas during most of the 


Table Ili—Comparison of Emissions—Hartmann Device 


Basic Hartmann 
Incinerator Device 
Refuse c , lb 275 200 
Duration of burn, minutes 117 120 
Natural gas for test, Btu, input 557 ,000 
Per 100 Ib charge, Btu 0 278,500 
Emissions 
Particulate matter, lb for test 3.62 1.45 
Per 100 lb of charge, lb 1.31 0.72 
Noxious gsses, lb for test 6.83 3.49 
Per 100 lb of charge, Ib 2.48 1.75 
Q-Ruds (von Brand) 855 237 
Smole, % light absorption, avg 2.81 0 
r concentration 8 6 
Primary furnace temp., max., °F 1160 1,220 
Average, °F 488 732 
Flame-tube exit, max, °F — 1,600 
Average F _— 1,055 
Flue gas at Ist floor, max, °F 1270 300 
Average, °F 450 245 
Residue wgt, in % of charge 38 36 
187 
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RETRACTABLE SCREEN 


Fig. 8. Werner device. 


burn by cool furnace gases. Organic 
acids, esters, and aldehydes in that 
order accounted for the unburned gases. 
This result is similar to that reported 
by Tebbens, et al.*® Another pos- 
sibility is that the products of the slower 
combustion in the primary chamber 
were not brought to sufficient tempera- 
ture for complete combustion in the 
flame tube. For example, Underwood’ 
reports that (coal) smoke burns in 
preference to methane and unsaturated 
hydrocarbons in the temperature range 
of 650 to 850°C (1202 to 1562°F). 
However, there was obviously enough 
heat to burn the smoke. 

Noxious gases in the flue at the first 
floor level were reported in Table III. 
By the time they reached the 18th 
floor level, the noxious gases had in- 
creased to 4.20 Ib per 100 lb of charge. 
It is believed that the additional gases 
not present at the first floor level were 
distilled from the walls of the flue. The 
odor concentration of the flue gases at 
the 18th floor level were somewhat 
lower with the Hartmann Deyice than 
with the basic incinerator. 

The gas consumption per 100 lb of 
charge was almost identical to that for 
gas firing directly into the primary com- 
bustion chamber. The average temper- 
ature in the primary furnace was 414°F 
lower with the Hartmann Device than 
with direct gas firing. The maximum 


temperature on one test, of 1600°F at 
the exit of the flame tube was reached 
during the rapid burning of the refuse 
paper shortly after light off, with another 
lower peak immediately after raking of 
the charge. 

The low temperature in the flue was 
the result of cooling the products of 
combustion leaving the flame tube by 
the addition of a large volume of 
barometric air. Auxiliary fuel firing 
can thus be practiced without over- 
heating the service hoppers and no 
special flue lining is required. 


Werner Incinerator Device 


To expedite the combustion of apart- 
ment refuse in a nuisance-free manner 
without auxiliary fuel firing, a set of 
modifications for the basic incinerator 
was conceived by Albert Werner, 
President, Werner Air Pollution Control, 
Inc., Brooklyn, N. Y. Eight tests were 
conducted on an installation at Fordham 
Hill Apartments. 

The design features are illustrated 
in Fig. 8. Air for combustion was 
supplied to. the furnace by natural 
draft through special ports A, B, and 
C, which had adjustable closures for 
air control as well as safety grilles. 
Air was also supplied through the ash 
pit and controlled by the ash door and 
its shutter. Another feature was the 
steel duct immediately under the 
furnace roof, which extended from the 
incinerator room to the base of the flue. 
The duct supplied barometric air to 
control the natural draft and provided 
an observation port and access to a 
retractable nichrome wire screen with 
0.10-in. openings. The duct reduced 
the furnace capacity to 240 lb from 275 
Ib. Other special equipment, not shown, 
was a narrow slice bar that was inserted 
through ports A and B for gently lifting 
the burning refuse, and a water lance for 
spraying the nichrome screen from 
above. 

Except during the burning periods, 
the screen: was in the retracted position, 
When the charge was to be burned, the 
service hoppers were locked and the 
screen was pushed to the position 
shown. The screen was thus protected 
from the impact of falling refuse. 

During the burning cycle of 20 to 
22 minutes for a 240 lb charge, the ash 
dour and all air ports were wide open 
most of the time. A roaring fire was 


_ maintained by slicing the fire and by 


raking the charge forward. All com- 
bustion gases passed through the screen, 
which glowed bright red much of the 
time. Many glowing particles were 
observed in the flames passing through 


Table I[V—Comparison of Emissions—Werner Device 


Basic Werner 
Incinerator Device 

Refuse charge, lb 275 240 

Refuse gasified, lb 166 129 

Duration of burn, minutes 117 21 
Emissions 

100 Ib of charge, Tb 1.39 

er of c 

Per 100 Ib gasified charge, lb 2.18 2.40 

Noxious gases, lb for test 6.83 7.23 

Per 100 lb of charge, lb 2.48 3.01 

Per 100 Ib gasified charge, Ib 4.11 5.60 

Q-Ruds (von Brand) 855 307 

Smoke, % light absorption, avg 2.81 0.71 

r concentration 7 

Furnace temp., max., °F 1160 1600 

Average, °F. 488 872 

Flue gas at Ist floor, max., °F 1270 420 

verage, °F. 450 358 

Residue wet, in % of charge 38 46 


Journal of the Air Pollution Control Association 


* 


I 
t 
b 


| | — 
AIR PORT C 
laf ZEA ti 
AIR PORT B hi 
. -* al 
: m: 
Uy 
-- nu 
en 
no 
pe 
ta 
rec 
ga 
thi 
the 
wa 
of 
cal 
the 
eye 
wa 
nat 
no} 
wel 
ash 
resi 
a 
rep 
cha 
ma 
is 
— flue 
bur 
air, 
nox 
188 | 


the screen. Pieces of paper were 
retained on the underside of the screen 
until consumed. The fiy ash that 
was retained by the screen so restricted 
the flow of gas and reduced the com- 
bustion rate that it was necessary to 
wash the screen three times during the 


To shorten the time of a burn and to 
reduce emissions up the flue, the fire was 
quenched while still flaming but when 
the volume of refuse had been reduced 
so as to consist mainly of noncombusti- 
bles. The reasons for early removal of 
the residue were: (1) to reduce the 
emissions to the flue, (2) to shorten the 
time required of the attendant, and 
(3) to shorten the period when the 
hoppers were locked. The operation 
depended on continuous attention by 
the operator and active manipulation of 


fire tools, lance, and dampers. The 


damp residue was removed promptly 
and the screen was retracted to permit 
unlocking of the service hoppers. In 
daily practice the service hoppers could 
thus be restored to use by the tenants in 
30 to 35 min after locking. 

The emissions to the atmosphere 
and other important data are sum- 
marized in Table IV. 

The use of the nichrome wire screen 
prevented paper from being carried 
up the flue and thereby eliminated that 


nuisance. The soiling property of the 


emission was reduced to almost a third, 
no doubt the result of the higher tem- 
peratures. Although free carbon and 
tars in the flue gases were undoubtedly 
reduced by the Werner Device, this 
gain was offset by the increase in fly 
ash resulting from high velocities 
through the grate and furnace. 

The total smoke and odor added to 
the atmosphere by the Werner Device 


was considerably less than that from the 


unmodified incinerator, not only because 
of reduced concentration but also be- 
cause the total amount of flue gas during 
the test was half that of basic operation. 

The effect of terminating the burning 
eycle before the normal end of a burn 
was not evaluated because no tests of 
the unmodified incinerator were termi- 
nated early. Certainly, less fly ash and 
noxious gas per 100 lb of charge would 
result from an early quench. Also, the 
wetter quench of an early termina- 
tion would reduce the amount of fly 
ash carried up the stack during the 
residue removal. An approach to such 
& comparison was made in Table IV, by 
reporting emissions on the basis of lb of 
charge gasified. On that basis no 
improvement in emission of dust was 
made. The emission of noxious gases 
is reported for the 18th floor level of the 
flue. Because of the short time of a 
burn and the cooling effect of barometric 
air, it is unlikely that the amounts of 
Noxious gases were affected unduly by 
distillation of old deposits. 
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Peabody Gas Scrubber 


Cleaning of the flue gases was in- 


vestigated as an alternative or supple- 


ment to improved combustion. Despite 
the progress indicated in reducing the 
emissions from the furnace, some particu- 
late matter, noxious gases, smoke, and 
odor will still leave the furnace with the 
flue gases during burning and furnace 
cleaning. Also, some dust, lint, and 
light paper will fail to fall into the 
furnace because of the upward velocity 
always present in the flue. Two gas 
cleaning methods were considered, the 
dry cyclone and wet scrubber. A 
preliminary test of a dry cyclone col- 
lector showed deposition of fats on the 
cyclone surface, indicating eventual 
clogging in service. The wet scrubber*® 
seemed to offer the better solution, 
since it would remove noxious gases as 
well as particles. 

A gas scrubber, Size PSS3, was 
provided and installed in the Eton 
Building of the Fordham group by 
Peabody Engineering Corp., New 
York City. A suitable location was 
found on the floor above the upper 
tenant quarters, 146 ft above the in- 
cinerator. The arrangement for with- 
drawing gas from the flue and for 
discharging the scrubbed gas to the 
atmosphere is shown in Fig. 9. The 
12 x 12-in. gas inlet was positioned in 
the center of the flue and protected by 
9 sq ft of heavy steel screen of 1-in. 
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mesh to trap large pieces of paper and 
other light refuse now and then carried 
up with the gases. For simplicity and 
safety no damper was installed in the 
flue. Free discharge of flue gas past 
the scrubber would thus be automatic 
in case of a power failure and when the 
peak gas flow was in excess of the 
capacity ofthescrubber. 

On entering the scrubber, the gases 
were first sprayed with water to cool 
the gases and to trap the larger particles, 
after which the gases passed through 
two impingement trays of water for 
intimate contact of impurities and 
water. Each tray had an area of 
3.96 sq ft, with perforations */3-in. 
diam on */i.in. centers. The gases 
next passed upward through a 4-in. 
mat of stainless steel mesh to trap 


entrained water droplets. Ceramic Berl. 


saddles were also used in place of the 
stainless mesh in several tests. The 
scrubber gases were exhausted through 
a centrifugal fan and a 10 x 10-in. duct 
to the outdoors. Tests were also run 
with the scrubber exhaust returned to 
the stack and directed upward by an 
elbow into a vaned diffuser. 

Fresh makeup water was added to 
the upper tray at the fixed rate of 
1 gpm. The water from the sprays 
and trays drained to the sump in the 
base of the scrubber, from which it was 
recirculated at 15-20 psig by a small 
centrifugal pump. The flue gas was 
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Fig. 9. Peabody gas scrubber. 
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Table V—Peabody Scrubber Performance 


Refuse charge, lb per test......... 275 
Scrubber operating time, minutes.................... 96 
Scrubber exhaust, avg cfm 
Gas temperatures, °F 
Scrubber trays, number in use......................5 2 
Electrie consumption, fan kw. 5.35 
Serubber water : 
Ib for test 
Scrubber collection efficiency, %. . 94 
Noxious gases, lb for test, avg 
In flue before scrubber...................... 8.83 
Removal efficiency for noxious gases, %.......... 21.6 
Q-Ruds (von Brand) ‘ ~ 
Flue gas before serubbing....................... 345 
Flue gas after scrubbing...........:...2........ 170 


saturated with water vapor at the 
exhaust temperature by the evaporation 
of scrubber water; the loss of water 
was nearly 0.4 gpm. The excess scrub- 
ber water, 0.6 gpm, and trapped pollu- 
tants from the flue gases were discharged 
over a weir to a drain. 

The scrubber size and the fan speed 
were based on the capacity necessary 
to catch the full stack flow except for a 
short time after light off and again when 
the furnace doors were open during 
raking. The excess flue gas by-passed 
the inlet sereen and flowed up the flue 
at low velocity. During most of the 
operating period the excess gas demand 
of the scrubber was met by a slow flow 
of air into the top of the stack. 

To determine the efficiency of the 
scrubber, the inlet and exhaust gases 
were sampled isokinetically, and the 
scrubber overflow and sump water 
were also measured and sampled for 
pollutant content. The flow of gas in 
the scrubber exhaust was measured by a 
25-point pitot traverse. Temperatures 
and pressures of the gas in the system, 
and power consumption, were measured 
at intervals during the tests. With one 
exception the five tests of the scrubber 
were run with scrubber water that had 
reached an equilibrium content of 
pollutants, about 0.05 Ib per gal. 

The findings of the scrubber tests in 
which the exhaust gases were not re- 
turned to the flue are averaged in 
Table V. 

The effect of scrubbing on odor con- 
centration requires further investiga- 
tion. The scrubber effluent gas con- 
tained odorants although the odor of the 


overflow water indicates that part of 
the odorant was trapped. 

The scrubber was effective in prevent- 
ing the carry-xp of paper to the stack 
screen. Any paper that might get past 
the scrubber inlet during the short 
periods of highest flow would either 
remain in the flue immediately above the 
scrubber inlet elbow, or if lifted to the 
stack screen, would return to the 
serubber inlet when the downflow of 
outside air occurred. Likewise most 
of the paper held on the scrubber inlet 
screen would fall back into the incinera- 
tor at the end of a burn when the scrub- 
ber was shut off. 

Of the total particulate matter 
trapped by the scrubber water, 15% 
was ether extractible, largely fats. The 
ash content of the collected particulate 
matter was 54%. 

With the same gas throughput the 
use of a single impinger tray would 
reduce the pressure differential across 
the fan from 7.6 to 4.9 in. water column 
and would reduce the motor size from 
7'/2 to 5 hp and the power consumption 
from 5.75 to 4.5 kw. Some reduction 
in collection efficiency could also be 
expected. Although most of the pollu- 
tant remained in suspension, and was 
earried to the drain by the overflow 
water, a deposit of sediment formed in 
the scrubber sump. 

The effectiveness of the scrubber in 
reducing smoke has not as yet been 
determined. A white plume was present 
during cold weather when water vapor 
in the saturated scrubber exhaust 
condensed in the atmosphere. The 
plume re-evaporated within a short 


distance depending on atmospheric 
conditions. During mild weather no 
plume was observed. 

It was found inadvisable to return 
the flue gases to the flue above the serub- 
ber inlet and to eject them upward by 
an elbow. A circulation of scrubbed 
and raw flue gas was produced between 
the scrubber inlet and outlet which 
caused a continuous by-pass of some of 
the raw gas with resultant increase in 
emission to the atmosphere. If it 
should be necessary to vent the scrubber 
to the stack, it is suggested that an 
exhaust duct be installed inside the 
stack and extended through and beyond 
the stack screen. 


Service-Door Locks 


It is common practice for the refuse- 
charging hoppers or service doors to 
be installed without means for locking 
them. The tenants are thus free to 
charge refuse into the flue at all times, 
even including the combustion period. 
While unrestricted access to the inciner- 
ator flue is obviously a convenience to 
the tenant, and locks are an additional 
though minor expense to the building 
owner, charging during burning con- 
tributes to air pollution and other 
hazards. The reasons will become 
obvious from a consideration of the 
gas velocities in the flue. 

Before a combustion period, while the 
incinerator and flue were at essentially 
building temperature (75-80°F), air 
flowed upward in the flue at centerline 
velocities below 3 fps in the region above 
the upper charging hopper, and at 
even lower velocities farther down in the 
flue. The outdoor temperature affected 
the flue draft and infiltration as in the 
case of any chimney in a_ building. 
However, during the 
combustion, when the flue gases were 
hot, the velocities in the upper part of 
the flue increased to 10 fps, with peaks 
up to 22 fps. The tests also showed 
that flue-gas velocities up to 32 fps 
were possible when the furnace doors 
were opened during raking and during 
the first few minutes after light-off 
unless the incinerator room was under 
negative pressure. 

In daily operation when the hoppers 
were not locked and the refuse was 
sometimes allowed to accumulate to the 
full height of the incinerator, or even 
into the base of the flue, paper napkins, 
sheets of newspaper, ladies hosiery, and 
other light refuse of high surface area 
were occasionally carried up the flue, 
Loose .paper charged by a tenant 
during the first 20 minutes of a bum 
would be certain to be carried up to the 
screen. About once in eight weeks the 
stack screen became clogged by paper 
during the burn, and flue gas poured out 
of the leaks and vents of the service 
doors and into the building corridors, 
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beginning at the upper floor. Emer- 
gency relief was obtained by closing all 
air ports in the furnace and by opening 
a door on the stack screen or by rapping 
the screen. 

The major difficulty with incinerator 
operation, according to the Fordham 
building superintendent, has been the 
clogging of the stack screen. The fre- 
quency of clogging had been reduced by 
asking the tenants not to discard news- 
papers into the flue. However, paper of 
all kinds is a major apartment refuse, 
and newspaper, even when used to 
wrap other refuse, can become un- 
wrapped by impact and abrasion during 
the fall in the flue. 

The experience with paper being 
carried up the flue had its counterpart 
in the carry-up sweepings and other 
fine particles that were not observed so 
readily as was paper. More of such 
particles were obviously carried up at 
high velocities than at low velocities. 
By the Stokes’ and Newton equations, 
spherical or equivalent particles (density 
1.0) of 740 microns or less are carried 
upward at velocities exceeding 10 fps, 
and 1800-micron particles are lifted by 
velocities of 20 fps. 

To observe the interior of the flue, a 
glass window and an electric light were 
installed in the flue 10 ft above the 
upper residence floor. Shortly after 
light-off during the tests with locked 
hoppers, pieces of scorched paper from 
the furnace were seen fioating in the 
gases and being carried upward against 
the stack screen, where they remained 
until the end of the burn. The open 
area of the screen was thus reduced 
temporarily by 10-20% in some cases, 
but not enough to affect the draft 
appreciably. The fluttering of the 
paper on the screen caused some of the 
brittle scorched paper to break, allowing 
particles to pass through the screen and 
into the neighborhood. Had the screen 
been in poor repair, as many are, more 
and larger pieces would have escaped. 
After the flue had again cooled and the 
gas velocities returned to lower values, 
the remaining pieces again. fell into the 
flue and incinerator. 

Based on the above experiences, it is 
recommended that hopper locks be used 
to reduce the emissions of particulate 
matter. Additional benefits would be 
increased safety by preventing the 
burning of fingers while charging hot 
hoppers on the lower floors and by 
preventing leakage of flue gas from the 
hoppers on the upper floors. As a 
further precaution, paper and light 
refuse should be raked away from the 
entrance of the flue to provide space at 
“* top of the furnace before lighting the 


Figure 10 illustrates a form of locking 
mechanism in which a solenoid actuates 
alocking pin to engage the hopper. The 
solenoid is energized from a switch in 
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the incinerator room. All of the hopper 
locks can be controlled simultaneously 
from the same switch. A light at the 
switch indicates when all hoppers are 
locked. A light at each hopper also 
notifies the tenant of a locked hopper. 

To maintain the co-operation of the 
tenants it would, of course, be advisable 
to burn the refuse at regular posted times 
and to restore the hoppers to use 
without unnecessary delay after the 
charge has been burned and the residue 
has been removed. 


Overall Evaluations 


The primary objective of the program 
was accomplished by the demonstration 
and evaluation of several inventions and 
principles for reducing the emissions 
from existing single-chamber flue-fed 
incinerators. The findings are appli- 
cable to a wide variety of sizes 
and shapes of existing flue-fed 
incinerators. Some of the results will 
be useful in installations of the multiple- 
chamber incinerators. The devices are 
capable of operation by regular in- 
cinerator attendants who will follow 
simple instructions. 

The major improvement has been 
made in reducing particulate matter and 
its soiling characteristics. Noxious 
gases have been reduced appreciably, 
as has smoke. Odor concentrations in 
the flue gas were evaluated but not fully. 
From the evidence available, no marked 
reduction of odor concentration was 
achieved. 


Hopper Locks 


Locks for the charging hoppers are 
necessary for the operation of the Hart- 
mann and Werner incinerator devices. 
Although not vital to the use of the 
overfire jets, gas burner, and scrubber, 
the locking of hoppers during the 
periods of burning and furnace cleaning 
is nevertheless recommended for them 
also. The locks would help reduce 
emissions to the atmosphere, largely 
prevent the clogging of stack screens, 
and decrease exposure to possible burns 
from touching hot hoppers and to 
smoke-out from hoppers on the upper 
floors. Electric locks which can be 
operated from the incinerator room can 
be applied to existing hoppers at an 
installed cost of about $75 per hopper. 


Gas Scrubber 


The maximum reduction of particu- 
late emission during the burning period 
was obtained by the use of a Peabody 
gas scrubber. Although the scrubber 
itself had a collection efficiency in the 
range of 88 to 96%, increasing with the 
dust loading of the gases, some allow- 
ance must be made for dust in the minor 
amount of flue gas that by-passes the 
scrubber inlet during periods of peak 
flow. However, an overall collection 


Fig. 10. Service door lock. 


efficiency of 84 to 91% can be expected 
if 5% of the gases and dust by-pass the 
collector. 

The scrubber was the only device 
tested that would also reduce the 
emission of the particulate matter that 
is carried up the flue between burning 
periods, such as when refuse is being 
charged or the furnace is being cleaned. 
(See Appendix C.) At the same time it 
would collect dust previously deposited 
on the flue and brushed off by falling 
refuse but re-entrained in the rising 
flue gases. 

As measured by the von Brand 
recorder, the scrubber reduced the 
soiling property of the flue gas by 50%. 
Soiling is undoubtedly caused by the 
extremely fine carbonaceous particles 
which escaped combustion. 

The scrubber collected 22% of the 
noxious gases. The effectiveness of the 
scrubber in removing odors was not 
determined. Although some odor was 
transferred to the scrubber water, the 
odor in the scrubber exhaust gases was 
in the same range of concentration as 
before. The effect of the scrubber in 
reducing smoke was not measured. No 
plume from the scrubbed gases was 
visible on mild days when the atmos- 
phere was relatively dry. However, a 
light vapor plume may be expected from 
the scrubber exhaust during cold 
weather, which would largeiy mask light 
smoke. The vapor plume would be of 
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Appendix 1. Performance of basic incinerator (test 3). 


no consequence above tall buildings, but 
there is the possibility of nuisance in the 
case of low buildings among taller 
buildings in congested areas. 

Remote control of the scrubbers is 
practiced in a number of installations by 
locating a switch near the incinerator. 
The water supply is controlled by a 
solenoid valve. It is suggested that the 
scrubber could be started and stopped 
automatically under the control of 
temperature-sensing elements in the 
flue. Monthly cleaning of the scrubber 
sump and somewhat more frequent 
inspection of the inlet is recommended 
by the manufacturer. 

Auxiliary Gas Firing 

The use of a luminous gas flame over 
the incinerator charge and the simul- 
taneous operation of overfire air jets 
decreased the burning time from 117 to 
85 min, or 27%, and produced a 
residue of a lower content of com- 
bustibles. The burner heat release was 
270,000 Btu per 100 lb of refuse charged. 


_ The burning time, and consequently the 


gas consumption, could have been 
reduced 15 to 20% if a 10% increase in 
residue weight had been considered 


satisfactory. The emission of particu- 
late matter was reduced further than 
with any other combustion device tested, 
and was only 39% of that from the flue of 
the unmodified incinerator, while the 
noxious gas was reduced to only 29% 
and the smoke to 6% of the initial 
amounts. 

The overfire air jets alone reduced the 
von Brand soiling index of the flue gas 
from 855 to 345, and gas firing reduced 
the index further to 100, which was the 
lowest. value obtained from any com- 
bustion device. The radiation from the 
luminous flame undoubtedly accelerated 
the combustion of fine carbonaceous 
particles suspended in the gases and 
also maintained ignition in the devola- 
tilized combustible on the hearth and 

te. 

Auxiliary fuel fired in the manner 
described undoubtedly increases the 
temperatures of the furnace roof, flue 
lining, and service hoppers above that 
ordinarily experienced. Exposed steel 
supports in the furnace roof would 
likely deteriorate somewhat more 


rapidly, which suggests the use of 
arched roofs, suspended blocks, or 
cast refractory roofs. A barometric 


> 


damper to admit ambient air to the 
flue immediately above the furnace 
would reduce the gas temperatures in 
the flue and would regulate the draft 
simultaneously. 

The hourly Btu rating of the gas 
burner installed in the Fordham 
incinerator was possibly a satisfactory 
compromise on the grounds of effective- 
ness, cost, temperatures in the flue, etc. 
Part of the heat was absorbed by the 
furnace walls and roof and the 
remainder heated the furnace gases, 
Smaller furnaces would require gas 
burners of lower Btu ratings, probably 
in the ratio of the plan areas of the 
furnaces. A suggested rule for sizing the 
gas burner, based on the ratio is as 
follows: 


Burner capy., Btu per hr = 22,000 
(hearth + grate area in sq ft) 


The investment cost of the installed 
gas burner and overfire air system would 
be less than that of the scrubber but 
the operating cost would be more, as 
detailed later in this section of the 
report. Because incinerator operators 
have other duties and may not shut 
off the gas burner promptly after the 
charge is burned, the use of an electric 
timer control is suggested. The timer 
could also shut off the overfire-air 
blower. The saving in gas would soon 
more than offset the cost of the timer. 


Overfire Air Jets 


The overfire-air blower with single 
manifold was the simplest and least 
expensive device tested, yet it reduced 
the particulate emission to 60% and 
the soiling index to 40%. Noxious 
gas and smoke were reduced somewhat 
but it is doubtful whether the odor of 
the gases was reduced. The jets 
reduced the time for burning the charge 
20-25%, which undoubtedly resulted in 
higher furnace temperatures observed. 
However, an average furnace tempera- 
ture of 630°F is not impressive as an 
aid to combustion, even though it was 
higher than the 488°F average without 
jets. Additional furnace temperature is 
required, which was the reason for 
adding a gas burner. 

The design features were simple and 
the device could be fabricated in any 
metal shop. All that is required is @ 
single, drilled, pipe manifold which is 
closed at one end and attached directly 
at the other end to a blower mounted on 
the furnace front. The flow of air 
keeps the manifold cool enough to 
prevent deterioration of the metal. 
The air velocity in the 18 nozzles was 
3000 fpm for this application. From 
the beginning of the burn to the end the 
distance between the nozzles and the 
top of the burning refuse changed from 
almost 0 to 5 ft, which means that the 
jets had undoubtedly impinged on the 
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charge much of the time while creating 
turbulence in the furnace gases. The 
velocity in the first portion of the 5.13- 
in. ID manifold was 1000 fpm, although 
velocities of 2000 fpm would have been 
satisfactory, as would have been the 
ease had a manifold of 3.6 in. ID been 
used. 

A variety of jet arrangements are 
possible, even with a single manifold, 
depending on furnace configuration. In 
the location used in the tests reported, 
the jets mixed with most of the furnace 
gases during the entire burn. The same 
general arrangement can be used in a 
variety of sizes and shapes of flue-fed 
incinerators. The nozzle diameters 
and/or number can ‘be reduced for 
smaller furnaces, with air delivery 
proportional to average burning rate. 
More experience on applications to 
small incinerators is needed to establish 
design data. The use of drill holes 
instead of short tubes reduces the 
penetration of the jets and avoids 
impingement on the charge after a layer 
of ash has formed. 


Hartmann Device 


The invention reduced the emissions 
of particulate matter to 55%, reduced 
the soiling property of the flue gas to 
28%, and eliminated the smoke nuisance. 
The noxious gases were reduced to 71% 
of that from the basic incinerator. 

The elimination of smoke and the 
reduction of floating paper and other 
particulate matter would satisfy most of 
the common complaints against the un- 
modified incinerator. The secondary 
combustion chamber with inlet grille 
was & positive means for preventing the 
flight of sizable pieces of scorched paper 
up the flue to the stack screen. The 
reduction of odor in the flue gas was un- 
doubtedly due to dilution by. barometric 


air. 

Additional tests would be necessary 
to determine whether a tubular second- 
ary combustion chamber with auxiliary 
gas firing has net advantages over 
direct. auxiliary firing of the primary 
combustion chamber. More definite and 
intimate mixing of the gases should be 
possible in the smaller tubular chamber 
than in the larger primary chamber. 
The effectiveness in burning smoke in 
the secondary chamber was demon- 
strated, even under conditions that 
produced unburned gases. 

The Hartmann device reduced the 
furnace capacity more than any other 
device tested and lengthened the burn- 
ing period per 100 lb of charge. 

Higher rates of primary combustion 
than were obtained will be necessary 
to reduce the charge in the time deemed 
acceptable. Further progress can un- 
doubtedly be made in that regard. The 
loss of furnace height and volume by a 
barometric air duct and a secondary 
chamber inside the primary chamber is 
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serious, except where the flue-fed 
incinerators have ample volume to 


hold the overnight accumulation of 


refuse. 

The life expectancy of the flame tube 
and the possible buildup of ash deposits 
in the flame tube could not be deter- 
mined until the unit had been operated 
for a longer period of time. Additional 
tests are suggested in which the gas 
burner heat release would be increased 
to 350,000 Btu per hr and the rate of 
primary combustion increased. The 
net result should be a shortening of the 
combustion period, and a reduction in 
noxious effluent. 


Werner Device 


The rapid combustion of the refuse 
and the retention of floating paper by 
a screen in the base of the flue were two 


advantages of the Werner principle of 
incineration. When the device is 
operated skillfully and rapidly the 
hoppers need not be locked over 30 
minutes from light-off to removal of the 
residue. The emissions of dust, odor, 
noxious gas, and smoke were no im- 
provement on those from the un- 
modified incinerator, although the soil- 
ing index of the flue gas was 64% less. 

More labor and attention was required 
to operate the incinerator than with 
other devices tested. More weight and 
volume of residue was removed per 100 
Ib of refuse charged. The incinerator 
attendant would be tempted to let the 
fire burn out more completely to reduce 
the amount of residue, in which case the 
emissions to the flue gas would be 
increased. 

The Werner device would un- 
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Appendix 2. Performance of one-pipe overfire system (test 33). 
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doubtedly reduce the number of com- 
plaints against the unmodified incinera- 
tor by (1) preventing the emission of 
paper from the incinerator, and (2) 
shortening the period of emission, thus 
eliminating the long smoldering fire that 
emits odors. most of the day. 

A slower rate of burning by reducing 
the supply of undergrate air would 
undoubtedly reduce the quantity of fly 
ash lifted off the burning charge, but 
would increase the time required of the 
attendant. Overfire air jets may also 
be helpful in reducing the emissions. 
Auxiliary gas firing at a sufficient rate 
to be effective would probably overheat 
the screen. 


Investment and Operating Costs 


Because there are several methods for 
reducing the emissions from single- 
chamber flue-fed incinerators, economic 
factors will be of interest in reaching a 
decision regarding devices that may be 
installed. To illustrate, estimates of 
costs are presented for modifying an 
incinerator installation of the type 
tested. Only approximate investment 
and annual operating costs, exclusive 
of attendant, can be given, as they will 
vary among contractors and buildings. 
Hopper locks have been included in 
each example. 

The building is assumed to have 128 
apartments averaging four rooms each, 
or a total of 512 rooms, occupied by 300 
persons. The daily refuse weight is 
assumed at 430 lb and incinerator 
operation is necessary 365 days a year. 
Equipment write-off is uniformly set at 
10 years. The cost of natural gas is 
$1.75 per million Btu (Mef), electricity 
$0.04 per kwh, and water $0.50 per M 
gal. 


Summary and Conclusions 


1 A program of 38 tests was con- 
ducted on three flue-fed, single-chamber, 
refuse incinerators in three 1 
apartment buildings to determine (1) 
the amount of atmospheric pollution 
from the incinerator flues and (2) the 
effectiveness of several appliances in 
reducing the emission of atmospheric 
contaminants from such incinerators. 

2 The daily refuse from the 299 
occupants of one building was 430 lb, 
average. The refuse had a bulk density 
of 4.1 Ib per cu ft in the incinerator. 
Each incinerator had an initial capacity 
of 275 lb of refuse in normal loading. 
The residue averaged 37% of the 
weight of the charge. Metal, glass, and 
ash constituted 76% of the residue, 
while combustibles were 16% and 
moisture was 8%. 

8 The flue gas was sampled and 
filtered throughout each test to deter- 
mine the weight of solid particles and 
liquid droplets, which were reported 
together as particulate matter.  In- 


194 


Alternative |. Flue-Gas Scrubber with Two Impingement Trays 
Annual Cost 


Investment, scrubber installed complete with 
stack, wiring, piping, $4000 
16 Hopper locks at $75 ea. installed, $1200 


10-yr. amortization of $5200............. $ 520 
Interest at 6% on unamortized balance.................... 156 
Equipment maintenance and repair........................ 100 
Power, 4¢ X 6 kwh X 3 hr X 365 days................... 263 
Water, 60 X 3 X 365 = 65,700 gal at $0.50 per M gal...... 33 

Annual cost per $8.38 


Alternative Il. Overfire Jets and Gas Burner 


Annual Cost 
Investment, installed complete with wiring and piping 
Hopper locks... .... $1200 
Overfire system....... 400 
Gas burner......... 600 
$2200 
Amortiaed over 10 years. $220 
Interest at 6% on unamortized balance.................... 66 
Equipment maintenance and repair....................... 50 
Power, 4¢ 0.8 kwh X 26 
Natl. gas 1.75 X 0.525 X XK 755 
Annual cost per apartment......................... $8.73 
Alternative lil. Overfire Jets 
Annual Cost 
Investment, hopper locks $1200, and jet system $400 
$1600 amortized over 10 yr.......................2-2... $160 
Interest at 6% on unamortized balance.................... 48 
Equipment maintenance and repair........................ 20 
Power 4¢ X 0.5 kwh X 3 X 365........ 22 
Annual cost per apartment... $1.95 


Alternative Gas Burner 


The performance of the gas burner without the benefit of overfire-air jets is still to 
be investigated. The economic benefit from the saving in electric power, main- 
tenance, and investment of the overfire jet system can easily be wiped out if the 
charge burns slower as a result and the gas burner must operate longer by 16 or more 
minutes a day. The following calculations may be compared with those in Alterna- 
tive II for a daily operating time of 2'/, hours when overfire jets supplement the gas 


Investment, installed complete with wiring and piping 


Hopper locks. ...... $1200 
Gas burner......... 600 Daily Operating Time, hr 
$1800 

Amortized over 10 yr... ... $180 $180 

Interest at 6% on unamortized balance......>.. ». 54 54 

Equipment maintenance and repair............... 30 30 

Power, 4¢ X 0.3 kwh X hr X 365............... 12 ll 

Natl. gas 1.75 0.525 X hr X 365........ 923. 840 

Annual cost per apartment... $9.37 $8.71 
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Alternative V. Hartmann Device 
Annual Cost 


Investment, Hartmann device $1950, hopper locks $1200 
installed with wiring, piping 


$3150 amortized over 10 years..........0...0....000...0... $315 
Interest at 6% on unamortized balance..................... 95 
Equipment maintenance and repair......................... 150 
Annual cost per apartment........................ $10.10 
Alternative VI. Werner Device 
Annual Cost 
Investment, Werner device $1500, hopper locks $1200 
installed . 
$2700 amortized over 10 yr.............0............-.. $270 
Interest at 6% on unamortized balance.................... 81 
Equipment maintenance and repair....................... 75 
Annual cost per apartment......................... $3.32 
3500 
3000 
2500 
Fi. Flue Gas Flow, 
9000 
Temp., F 
500 
léth Fi. Flue Gas 
0 Rake | 
10 
4 
Ist Fl. Flue CO>, 
% dry vol. 
0 
Furnace Draft to Outside, 
2 
0 20 40 60 80 100 120 
Time, min. 


Appendix 3. Performance of one-pipe overfire system with gas burner (test 36). 
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completely burned gases in the flue were 
determined and were reported as noxious 
gases. The area-covering blackness of 
the particulate matter was measured by 
the von Brand apparatus and reported 
as Q-Ruds. The optical density of the 
smoke in the flue was measured by a 
photoelectric meter. The concentra- 
tion of odor in the flue gas was deter- 
mined by the ASTM _perception- 
threshold method. Major reductions 
in all emissions except odor . were 
demonstrated. 

4 The appliances tested are listed 
below: 


a Overfire air jets to aid combustion 
by providing turbulence in the 
furnace. 

b A luminous-flame gas _ burner 
operated with dverfire air jets in 
the incinerator chamber. 

c The Werner principle for rapid 
combustion, with all gases passing 
through a nichrome wire screen at 
the entrance to the flue. 

d The Hartmann device which in- 
cludes a gas-fired stainless-steel 
secondary-combustion chamber in 
the incinerator furnace. 

e The Peabody gas scrubber for 
cleaning the flue gas with water. 

Jf Locking of the service hoppers in 
the flue was practiced on the tests 
to simulate the effect of automatic 
hopper locks. 


These appliances require no more 
furnace draft than is ordinarily required 
for incinerator operation. ; 

§& The investigation has shown that 
emissions of atmospheric contaminants 
from the incinerator flues can be 
reduced by each of the following 
methods, and that the best results are 
obtained by all of them in combination: 


a By hopper locks to prevent the 
charging of loose particles of dust, 
paper, lint, etc., while the velocities 
in the flue are high, as when refuse 
is burning. 

b By appliances that promote better 
combustion in the furnace. 

c By care taken by the incinerator 
operator to limit the flow of air 
through the grate during burning 
and through and over the residue 
during its removal. 

d By scrubbing the flue gas before 
discharge to the atmosphere. 


6 To evaluate the several devices for 
possible application to an existing 
incinerator, it is advisable to consider 
the following factors, among others: 


a Effectiveness of the devices in 
reducing emissions, especially 
particulate matter and smoke. 

b Benefits to tenants and community. 

¢ Requirements of local ordinances. 

d Furnace volume available for refuse 
charge and appliance. 
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e Effect on schedule of daily in- 
cinerator operation. 

f Time hoppers must be or should be 
locked 


g Space for gas scrubber. 
h Investment and operating cost, 
combined as annual cost. 


7? The performance and cost of the 
incinerator modifications will vary for 
each individual installation. Table 
VI is indicative for a 16-story build- 
ing housing 300 persons in 128 apart- 
ments, averaging 4 rooms each. Auto- 
matic hopper locks costing $1200 
have been included with each appliance, 
because they are necessary with the 
Hartmann and Werner devices and are 
advisible with the others. 

8 The one-pipe overfire jet system is 
the lowest cost device tested -that 
produces a substantial reduction in 
particulate matter, smoke, Q-Ruds 
(soiling) and time of operation. 

The lowest emission of particulate 
matter will result from the use of the 
flue-gas scrubber, even when auxiliary 
gas firing is not used. Auxiliary gas 
firing reduces the amount of particulate 
matter, noxious gas, smoke, Q-Ruds, 
and time of operation. The annual cost 
of a scrubber is substantially equal to 
that of auxiliary gas firing and over- 
fire jets, 

9 The emissions of particulate matter 
in Ib per 1000 Ib of flue gas corrected to 
12% CO: have been included below as a 


matter of interest only. 
Basic incinerator. ....... 3.81 Ib 
One-pipe overfire jets.... 3.65 
Two-pipe overfire jets.... 3.55 
Gas burner and jets...... 1.35 
Hartmann device........ 1.48 
Werner device. ......... 4.39 
A direct comparison of these values is 
misleading because of the large 


difference in total gas flow, time of 
operation, and the fact that natural gas 
was burned in addition to refuse with 
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Appendix 4. Performance of Hartmann system (test 18). 


two devices. It is better to compare the 
combustion performance on the basis of 
emissions per 100 lb of refuse. 

10 Additional tests are planned to 
determine the effectiveness of the gas 


burner without overfire jets, the effi- 
ciency of the scrubber with one im- 
pingement tray (plate stage), and higher 
rates of gas firing in the Hartmann 
device. 


Table VI 
Gas Peabody 
Burner Scrubber 
One-Pipe and and 
Werner Overfire Hartmann Overfire Peabody Overfire 
Incinerator Device Jets Device Jets Scrubber Jets 
Daily Operation, min. : 
Burning only (no. of burns) 183(2) 38(2) 141(2) 240°(3) 125°(2) 183(2) 141(2) 
Residue removal 15 15 15 15 5 15 15 
Total min., ho locked 198 53 156 255 140 198 156 
Furnace capacity, lb 275 240 275 200 275 275 275 
Emissions, lb per 100 lb of charge 
Particulates 1.31 1.29 0.79 0.72 0.51 0.13° 0.09? 
Noxious gases 2.48 3.01 1.61 1.75 0.73 1.94° 1. 26° 
307 345 237 100 170 
2.81 0.71 1.10 0 0.18... 
Investment $1200 $2700 $1600 $3150 $2200 $5200 $5600 
Annu |, total 1 426 1292 1117 1072 ~ 4151 
Annual, per room $0.30 $0.83 $0.49 $2.52 $2.18 $2.09... $2.25 


* Adjusted for equal burn-out of residue. 


+ Based on 90% collection of particulate matter. 


* Based on 22% removal of noxious gases. 


Journal of the Air Pollution Control Association 


] 
7 
60 
Ap 
(te: 
Te 
Inc 
Fu 
Ba 
Ch 
Au 
Te 
Av 
Flu 
Em 
I 
I 


Appendix A. Weight of Noxious Gases in Five 
: Two-Pipe One-Pipe Gas Burner and Hartmann 
Basic Overfire  Overfire Overfire Jets Device Werner 
Incinerator Jets Jets 18th Fi. Ist Fi. 18th FI. Ist Fl. Device 
Noxious 

aldehydes, as formaldehyde 0.64 0.34 0.29 0.17 nd® 0.35 nd 0.09 
Ammonia 0.05 0.07 0.03 0.07 0.03 nd 0.03 
Esters 2 2.96 1.97 1.79 2.99 0.50 2.22 0.48 2.38 
Nitrogen oxides, as NO, 0.01 0.03 0.01 0.02 0.05 nd 0.05 
Organic acids, as acetic 3.09 1.44 2.28 7.03 1.41 5.69 2.84 4.65 
Phenols, as phenol 0.01 0.01 0.02 0.02 d 0.01 nd 0.01 
Sulfur dioxi 0.07 0.03 0.01 0.01 0.01 nd 0.01 
Total per test, lb avg 6.83 3.89 4.43 10.31 1.9 8.36 3.32¢ 7.22 
Lb per 100 lb refuse 2.48 1.41 1.61 3.75 0. 69¢ 4.19 1. 66° 3.01 
Flue gas, Mscf for test 218 191 154 213 313 113 
CO:, avg %, dry vol 0.70 0.71 0.62 .78 0.50 1.08 
Test no. 1, 2,6 11,12 33, 34 36, 38 (37) 16, 18, 21 22, 23, 29 


* For comparison, increase by 5% to include other noxious gases. 


= not determined. 
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Appendix 5. Performance of Werner system 
{test 22). 


Appendix B. Flue Emissions 
Between Burns 


Dust and odor in the air flowing up 
the flue were detected even when no 
fire was burning and the residue had 
been removed from the furnace. To 
obtain an estimate of flue emissions 
between burns, four tests were run under 
different conditions not involving burn- 
ing of the charge. The furnace chamber 
was vacuumed before each test. (See 
Table VII) 

Test 20 is perhaps most representative 
of the period between burns. Air 
admission from the basement was 
restricted, the hoppers were accessible 
to the tenants for random dropping of 
refuse, and the flue was unheated. 
The test period was over three hours. 
Dust emission was 0.38 lb per hr. 
Noxious gas emission, although not 
measured, was probably about the 
same as in Test 26 or 0.34 lb per hr. 

In Test 26, the hoppers were locked 
but the furnace and barometric dampers 
were opened. In addition, a louver on 
the air duct connecting the incinerator 
room to the outside of the building was 
removed during test to provide more air 
flow into the furnace. An accumulation 
of dust from this duct was discharged 
into the incinerator room and some of it 
undoubtedly entered the flue. The 


Table Vil 
Before Burn After Burn 

Test no. 
Incinerator device Hartmann Werner Werner Hartmann 
Furnace dampers Closed Open Open Closed 
Barometric damper Closed Open n Open 
Hoppers Unlocked Locked Locked Locked 
Charge Dropping Loaded None None 
Auxiliary gas No No No Yes 
Temperature at 19th fl, °F 70 80 94 130 
Average velocity at 18th fl, fps 2.8 2.4 3.7 6.2 
Duration, min. 191 30 34 60 
Flue gas volume at 18th fl scf 180,000 24,500 41,600 120,000 
Emissions, total for test 

Dust, lb 1.22 0.71 0.46 1,15 

Noxious gas, lb nd 0.17 0.34 4.36 

issions, per 
Dust, Ib 0.38 ‘1.42 0.81 1.15 
Noxious gas, lb nd 0.34 0.60 4.36 
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high dust rate of 1.42 lb/hr may reflect 
the presence of this dust during the 
short test period of 0.5 hr. 

Tests 28 and 17 show the effect of 
higher velocities in removing particulates 
from the flue walls. The dust rate 
increased with velocity for Tests 20, 18, 
and 17 is roughly 0.2 lb per hr per fps. 
This figure probably falls off with time 
but is renewed after each burn. 

Test 28 shows the effect of tempera- 
ture of the flue gas of distilling noxious 
gases from the flue walls. A tempera- 
ture increase from 80° to 94° at the 19th 
fl. almost doubled the noxious gas. 
However, Test 17 is not comparable since 
the temperature increase to 130° is 
caused by burning of auxiliary gas fuel 
which may in itself be a source of 
noxious gases. 

It was outside the scope of the pro- 
gram to investigate these phenomena 
further. Without data taken over a 
24-hour period, one can only speculate 
on the magnitude of the daily emission 
that occur during periods of no fires or 
residue removal. However, it is evident 
that such emissions are significant. 
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USE of PLANTS for Air Pollution MONITORING 


ELLIS F. DARLEY, Associate Plant Pathologist, University of California, Riverside, Calif, 


Ai. pollution is an age-old 
problem and during the past century its 
injurious effects on vegetation have 
become well recognized. Many of 
the constituents of polluted atmos- 
pheres, particulates, and gases, have 
deleterious effects on plants and of these, 
gases such as fluorine, oxidants, ethyl- 
ene, and sulfur dioxide, are the most 
important. Reviews of effects and 
symptoms on plants of these and other 
pollutants are given by Adams,’ Mid- 
dleton, Darley, and Brewer,* Thomas,*! 
and Zimmerman.” 

Because the materials involved differ 
so greatly in their chemical composition 
and activity, it is reasonable to expect 
that their effects on a variety of plants 
will also differ. This, in fact, is the 
ease, and for this reason, plants offer 
an excellent monitoring tool to detect 
the presence of air pollution, and often 
give the very first evidence that the 
air is polluted. The present paper 
discusses the utility and present use- 
fulness of plants in the role of monitor- 
ing for air pollution. 


Plants as Indicators 

Certain basic considerations are com- 
mon to all situations where plants are 
used to monitor air pollutants. The 
plants, either those occurring naturally 
or those that are cultivated, must be 
susceptible and display symptoms or 
markings characteristic of the pollutant 
or pollutants in question; they should 
be growing in suitable environment and 
should have rather wide distribution; 
the observer must not confuse symp- 
toms of plant diseases and injury from 
insect pests, frost, or heat with those 
of air pollutants. 

Using naturally occurring vegetation 
may have some limitations because 
of the absence of susceptible varieties 
or poor growing conditions. Where 
this difficulty exists, it can be overcome 
by planting susceptible species in good 
sites or by growing these species under 
controlled conditions that give maxi- 
mum sensitivity and then placing them 


for stated intervals in special exposure 
chambers in the area to be moni- 
tored.’: 13, 8 

Fortunately, for the purposes of 
monitoring, but perhaps unfortunately 
for the farmer, home owner, or com- 
mercial ornamental grower, a given 
toxic pollutant usually affects a rather 
broad spectrum of plants including 
native species and, more importantly, 
the cultivated crops, both rural and 
urban among the field, vegetable, 
and ornamental plant species. A-num- 
ber of workers, by correlating field 
observations with controlled fumiga- 
tions, have described the type and 
extent of injury on a number of plants 
from a variety of pollutants at given 
concentrations. Thus, Benedict and 
Breen? selected ten widely distributed 
weeds and described their relative sus- 
ceptibility as indicators for ammonia, 
chlorine, hydrogen fluoride, hydrogen 
sulfide, oxides of nitrogen, and sulfur 
dioxide. Thomas?! refers to the sus- 
ceptibility of 350 species to sulfur di- 
oxide, and Cole’ describes the usefulness 
of ten native indicator plants for 
monitoring for sulfur dioxide in the 
Tennessee Valley. Others describe 
symptoms of acid aerosols, hydrogen 
fluoride, and oxidants on a variety of 
plants;'?: of hydrogen fluoride on 
prune, gladiolus, and pine”; of ozone 
on tobacco!! and grape’; and of 
ethylene on orchids* and other plants.* 
Most of these toxicants are injurious 
at concentrations of one part per mil- 
lion or less, and some at concentra- 
tions as low as a few parts per billion. 

For the more important gaseous 
pollutants, the most characteristic 
symptoms may be described briefly as 
follows: Oxidants—a silver, bronze, or 
otherwise metallic sheen on the under 
leaf surface of affected plants. Ozone— 
a stippling, mottling, or bleaching of 
the upper leaf surface. Color of the 
stipple marking may vary from light 
tan or ivory to reddish or almost black. 
Fluorides—lesions are usually confined 
to the leaf margins of broad-leaved 
species and are generally tan or dark 
brown in color. Affected tissues may 
become brittle and fall from the un- 
affected portion of the leaf. The tips 
of pine and fir needles become yellow 
or dark brown. Sulfur dioxide—acute 


injury occurs between the veins and 
affected tissue is bleached to a light 
tan or may become brown. The veins 
characteristically remain green. In- 
jury on pine and fir needles is identical 
to that caused by fluorides. Ethylene 
—epinasty, or growth curvature of leaf 
petioles, is characteristic of ethylene 
injury. The tissue between the veins 
of orchid sepals collapse, the. flowers 
of carnations will close or even fail to 
open, and the petals may fall from the 
flowers of snapdragons. 

It is interesting to note that in a few 
cases, a plant may detect more than 
one toxicant simultaneously. Symp- 
toms of ozone and oxidant or of ozone 
and sulfur dioxide may occur on the 
same pinto bean leaf when plants are 
fumigated with either of these pairs of 
fumigants simultaneously. On annual 
blue grass, on the other hand, it is not 
possible to distinguish between ozone 
and oxidant as each fumigant produces 
the same stipple or bleach symptoms. 

It is thus apparent that a variety of 
plants are available which can be used 
for monitoring a number of air pollut- 
ants, not only as to kind but also to 
indicate concentration. As our popu- 
lation increases around certain metro- 
politan areas, which forces our urban, 
industrial, and rural communities closer 
together, it becomes increasingly diffi- 
cult to imagine a situation where sus- 
ceptible plant life would not be avail- 
able for the monitoring and detection of 
uncontrolled pollutants. 


Nature of the Pollutants 


Brief consideration should be given to 
the nature and sources of the pollutants 
involved. Many of those known to 
cause plant damage today have been 
identified and related to rather specific 
sources. In the course of developing 
this information, chemical and physical 
methods have emerged for monitoring 
such pollutants as sulfur dioxide and 
fluorides, and more recently, for hydro- 
carbons such as ethylene.* * While 


not related to & specific site, measure- 


ments can also be made for ozone.* ™ 
When such methods are available they 
can be used in conjunction with plants. 
Most methods, however, are relatively 
expensive, and observations on plants 
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may still be the least expensive and the 
more important, particularly in areas 
where pollution of the air is not sus- 
pected and chemical monitoring would 
not normally be in effect. 

No chemical or physical method is 
known for measuring the phytotoxic 
components of the oxidant-type pollu- 
tants. These, like ozone, are not 
traceable to specific sites but are the 
product of photochemical reactions 
involving oxides of nitrogen and organic 
materials, particularly hydrocarbons. 
Solutions of potassium iodide or phenol- 
phthalin measure the oxidizing ability 
of the polluted air. Studies in Cali- 
fornia'* suggest that severity of damage 
is not always correlatéd with oxidant 
level but that the percentage of plants 
damaged and frequency of damage is 
correlated with oxidant level. These 
reagents do not measure the phyto- 
toxicants but may measure oxidants 
associated with them. Thus, plants 
still remain the only reliable tool for 
detecting the toxic materials in this 
system. 


Monitoring for Pollutants 
in California 


The occurrence and spread of oxi- 
dant plant damage in California serves 
as an excellent example of the use of 
plants for monitoring for air pollutants. 
Oxidant damage was first found in a 
rather restricted area in Los Angeles 
County in 1944."* Although the nature 
of the pollutant was not known at the 
time, it was known that the damage was 
due to air pollution but not caused by 
sulfur dioxide, ammonia, chlorine, or 
other pollutants whose symptoms on 
plants had been described. Thus, 
plants were the first indicator of a new 
pollution problem. 

During the next six years, the affected 
area became larger and plant damage 
was found throughout the south coastal 
plain of southern California, south to 
San Diego and inland to Riverside and 
San Bernardino. In the interval, the 
research of Haagen-Smit et al. showed 
that damage indistinguishable from that 
occurring naturally was due to the 
reaction products of ozone and certain 
unsaturated hydrocarbons. 

By 1950, typical oxidant injury was 
being reported in the San Francisco 
Bay area. Middleton and Paulus 
report in some detail the results of a 
statewide plant damage survey in 
1955. The kind, extent, and location 
of injury to 40 selected plant species 
from among field, vegetable, fruit, 
and flower crops and eight weeds were 
indicated on mark-sense IBM cards by 
trained farm advisors in each county. 
Out of almost 2700 reports, 544 indi- 
cated positive damage from six counties 
of southern California and from five 
counties in the Bay Area. The princi- 
pal toxicants in order of importance 
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were oxidants, ethylene, and fluorides. 
Occasional reports of sulfur dioxide 
were made and related to specific local 
sources. 

The survey has continued, and up to 
the present, oxidant damage has been 
reported additionally in seven counties 
in the Central Valley. During 1958 
relatively high oxidant levels were 
reported in Central Valley communi- 
ties by the State Department of Public 
Health.‘ Plant damage in the Valley 
is not severe; its occurrence, however, 
prior to any other measurements, again 
points up the importance and utility 
of plants in monitoring for air pollut- 
ants. 
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A.F. of A. Offers Help 
To Hayfever Sufferers 


Several million Americans stock up 
each spring and summer with nasal 
tissues, inhalers, nose drops, and anti- 
histaminies in anticipation of the hay 
fever season. Some have already ex- 
perienced attacks of sneezing, nasal dis- 
charge, and weeping eyes. Others have 
not yet begun to suffer seriously be- 
cause, in a large part of the country, 
the peak of the season is during late 
summer, mid-August to mid-Septem- 
ber, when ragweed pollen fills the air. 

As a public service, the Allergy Foun- 
dation of America offers to sufferers 
from seasonal hay fever an informative 
16-page handbook, “Hay Fever and 
What You Can Do About It” which 
can be obtained from the Foundation’s 
office, 801 Second Avenue, New York 
17, New York, for 25¢. 

Hay fever affects some people in 
every part of the country. The ma- 
jority suffer from seasonal hay fever, 
which is caused mainly by the wind- 
blown pollen grains of various weeds, 
grasses, and trees. Ragweed is public 
enemy number one east of the Rocky 
Mountains. 

Elimination of ragweed is an im- 
portant public health problem and the 
subject of much attention by air-pollu- 
tion experts. Since pollens may be 
air-borne for many miles, purely local 
control measures are not entirely effec- 
tive. 
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CORRELATION of DUST SCRUBBER Efficiency’ 


KONRAD T. SEMRAU, Chemical Engineer, Stanford Research Institute, Menlo Park, California 


scrubbers have been 
in industrial use for collection of dusts 
and mists for over 100 years, their 
operation is still not well understood. 
The basic mechanisms of particle 
deposition’® are known qualitatively, 
but their quantitative relationship to 
measurable performance variables 
mains largely unexplored. There is 
no design theory for scrubbers compa- 
rable to those which have been developed 
for fibrous filters or electrostatic pre- 
cipitaters, despite some efforts in this 
direction."! 

There is, however, a useful empirical 
method for correlating scrubber effi- 
ciency as a function of the power dis- 
sipated per unit of gas flow rate. A 
number of writers have observed that 
the efficiencies of a number of types of 
scrubbers are functions of the power 
consumption." 2, 7, 8, 9, 12, 16, °21, 2 It is 
now common practice to correlate the 
efficiency of venturi scrubbers as a 
function of the pressure drop across the 
venturi.} 8 27 

Lapple and Kamack" investigated 
several typical contacting devices in 
which power consumption takes the 
form of gas pressure drop, and found 
that all gave substantially the same 
efficiency on a given aerosol for the 
same pressure drop. They concluded 
that the dominant factor in efficiency 
was probably related to turbulence in 
contacting. They suggested that the 
dissipation of energy from other sources, 
such as liquid sprays or a rotating 
member, might be equivalent to that 
from gas pressure drop. Semrau, 
Marynowski, Lunde, and Lapple* 
applied this method to correlation of 
efficiency data for pilot plant venturi, 
pipeline, and cyclonic spray scrubbers 
operated on lime kiln and Kraft 
recovery furnace dust and fume. They 
successfully correlated their own data 
and additional data from the literature, 
and found that power dissipated in 
hydraulic spray nozzles was in fact 
equivalent to that dissipated in gas 
pressure drop. 


* Presented at the 52nd Annual Meet- 
APCA, Hotel Statler, June 21-26, 
1959, Los Angeles, Calif. 


In this paper, this -method of correla- 
tion is applied to literature data for a 
variety of aerosols and scrubbing equip- 
ment. 


Method of Efficiency 
Data Presentation 


The conventional basis for expressing 
the effectiveness of particulate col- 
lection is efficiency, 7. However, the 
efficiency is usually an exponential func- 
tion of the process variables for most 
types of collectors, and hence is, for 
correlation purposes, an_ insensitive 
function in the high efficiency range.** 
The penetration, 1 — n, is generally 
preferable under these conditions. Still 
better is the number of transfer units, 
N,, here defined by: 


(a) 


or 
n=] —eN (2) 


Table I shows the numerical relation- 
ship of efficiency to number of trans- 
fer units for some salient values of N,. 


Contacting Power 


In scrubbing, the process of con- 
tacting the gas with liquid results in 
dissipation of mechanical energy in 
fluid turbulence (in gas and liquid 
phases) and, ultimately, as heat. The 
corresponding power dissipated, ex- 
pressed as power per unit of volumetric 
gas flow rate, is here termed the “con- 
tacting power.’’ The contacting power 
can be derived from: (a) the kinetic 
energy or pressure head of the gas 
stream; (6b) the kinetic energy or 
pressure head of the liquid stream; 
or (c) energy supplied mechanically by 
a rotor. 

The total power derived from the 
liquid or gas stream is given by the 
product of the volumetric flow rate and 
the change in pressure (assuming in- 
compressible flow). Division of these 
total power terms by the gas flow rate 
gives the contacting power. The 
effective change in pressure comprises 
only that portion of the total pressure 
change which represents energy dis- 
sipated in scrubbing, and not that 


which results only frem velocity changes 
or from friction losses in parts of the 
equipment which may be operating 
dry. 

The contacting power derived from 
the gas stream is given approximately 
by the simplified dimensional equation 


Pe = 0.157 F, (3) 


Across actual scrubbers, changes in the 
kinetic energy of the gas stream are 
usually small, and the friction loss, 
F,, is essentially equal to the pressure 
drop, Ap. 

The power derived from the liquid 
stream (as, for instance, in a hydraulic 
nozzle) may be calculated from 


P, = 0.583pr (4) 
qe 


This equation assumes that the residual 
kinetic energy of the liquid stream is 
negligible after contacting. If all this 
power is dissipated, then Px is equal to 
the contacting power. In some in- 
stances, as for instance in ejector-type 
scrubbers, a portion of the power input 
may serve to increase the pressure or the 
kinetic energy of the gas stream. In 
such a case, the corresponding amount 
of power must be subtracted from that 
given by Equation 4, to give the 
contacting power. 

In the case of pneumatic spray noz 
zles, the combined power of the com- 
pressed air and liquid streams should be 


Table I—Relation of Efficiency to 


Number of Transfer Units 
Number of Collection 
Transfer Units,* Efficiency, 
% 
0.10 9.52 
0.50 39.35 
1.0 63.21 
2.0 86.47 
3.0 95 .02 
4.0 98.17 
99,33 
6.0 99.752 
7.0 99.909 
8.0 99 . 967 
10.0 99-9955 


* Based on relation: N, = In 
where » = fractional efficiency. 


Journal of the Air Pollution Control Association 


Re 
x 
| 
q 
| 
if 
Jun 
200 
= 


6.0 


° 
| 


NUMBER OF TRANSFER UNITS — Ny 
4 


° 
> 
| 


SPRAY NOZZLE LOCATION 


SPRAY DIRECTION = 


e) CYCLONE DOWNWARD OVER INLET — 
* CYCLONE HORIZONTAL, ACROSS INLET 
’ A INLET DUCT COUNTER CURRENT 
02 03 04 O06 08 10 2.0 3.0 40 6.0 80 
CONTACTING POWER — hp/(1000 cu ft/min) 
RB-734541-29 
Fig. 1. Performance of cyclone scrubber on talc dust. 
8.0 
MECHANICAL SPRAY GENERATORS IN PLENUMS 
@——COCURRENT HYDRAULIC NOZZLE IN VENTURI 
4.0 


| 


= 
2 o 


NUMBER OF TRANSFER UNITS — Ny 
| 


> 
| 


| 


0.2 


i 


| 


L 


0.4 


06 0.8 10 2.0 


3.0 40 


CONTACTING POWER — hp/(1000 cu ft/min) 


6.0 8.0 10.0 


15.0 


RB-734541-26 


Fig. 2. Performance of solivore scrubber on copper sulfate aerosol. 


June 1960 / Volume 10, Number 3 


used, at least if the nozzles are located 
within the gas stream being scrubbed. 

By analogy, the contacting power 
derived from a mechanical spray gener- 
ator (such as a spinning disc) is equal to 
the actual power delivered to the 
shaft less that. consumed in bearing 
friction. 

In a_ mechanical scrubber (one 
employing a power-driven rotor or fan), 
the contacting power is that delivered 
by the shaft to the gas stream (i.e., 
the power delivered by the motor less 
losses in the coupling and bearings) 
corrected for any increase produced in 
the pressure or kinetic energy of the gas 
stream. 

The gas flow rate, ag, could be ex- 
pressed on a variety of bases. How- 
ever, the volumetric rate at actual flow 
conditions appears to be the most logical 
choice, and has been used throughout 
this paper and the earlier ones.” 22 
In Equation 4, g¢ has been taken as the 
arithmetic average of the flow rates at 
scrubber inlet and outlet conditions. 
An average gas rate is implicit in 
Equation 3. ‘ 


Literature Data 
Tale Dust 


The method of correlation may be 
illustrated with the data of Johnson, 
et al.,! who made a laboratory study 
of collection of tale dust by a cyclone 
scribber. A variety of nozzle arrange- 
ments and operating conditions were 
used. Data complete enough for cor- 
relation purposes were given only for 
five runs, and these are shown in Table 
II. The data points, plotted in Fig. 1, 
follow the typical relationship discussed 
above. The deviations of the points 
from the average curve, which are 
actually fairly small, are of uncertain 
significance. Apparently, no replica- 
tions of the runs were made, and the 
deviations may reflect the precision of 
the data. 


Copper Sulfate Aerosol 


Kristal, Dennis, and Silverman’ 
investigated the performance of a 
Solivore scrubber, a multiple-stage ven- 
turi device, using a synthetically gen- 
erated copper sulfate aerosol. Com- 
plete data for individual tests were not 
given, but could in most cases be es- 
timated from other data presented. 
No replications of runs appear to have 
been made, and the precision of the data 
is therefore unknown. 

Originally, the Solivore scrubber was 
equipped with mechanical spray gen- 
erators placed in the plenums between 
the venturi stages. Each generator was 
driven by a 1'/:-hp motor, but no data 
were given on the actual power drawn by 
the generator. Information in the orig- 
inal publication did indicate that, in the 
runs correlated here, the maximum 
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Fig. 3. Performance of scrubbers on ferrosilicon furnace fume. 


power of the motor was not developed. 
For the correlation presented in Fig. 2 
it was assumed that the effective power 
delivered to a generator was 1.0 hp. 
Allowances were also made for gas 
pressure drop and hydraulic power. 
The points represent tests with varying 
numbers of stages and spray generators, 
and varied air flows. The absolute 
value of contacting power is dependent 
upon the assumption made concerrfing 
the power delivered to the spray gen- 
erators, and an error in the assumption 
would change all abscissas by approxi- 
mately an equal fraction (probably not 
greater than 30%). 

A single venturi stage was also fitted 
with several types of cocurrent hy- 
draulic nozzles operated at various 
pressures. Data for these tests have 
also been presented in Fig. 2. The re- 
sults are less consistent than for the 
spray generator arrangement, but again 
the magnitude of experimental error 
is unknown. 

Ferrosilicon Furnace Fume 

Yocom and Chapman” reported the 
performance of a venturi scrubber on 
fume (primarily silica) from an electric 
ferrosilicon furnace. These data were 
previously recorrelated,** and the points 
and curve have been reproduced in 
Fig. 3. 


Silverman and Davidson** reported 
performance of a Buffalo Forge cyclonic 
spray scrubber on fume from a similar 
furnace. A variety of internal arrange- 
ments and spray nozzles was used. 
At least five test runs were made with 
each arrangement, and the efficiencies 
were averaged. Conditions varied 
widely, and a large spread generally 
appeared in the transfer units found 
in the individual runs, the deviation 
between extreme values being as great 
as 100% in some cases. Many of the 
test arrangements employed pneumatic 
atomizing nozzles, and since no data 
were given on the consumption of com- 
pressed air, the contacting power for 
these tests could not be computed. 
However, data for tests with hydraulic 
nozzles have been computed and plotted 
in Fig. 3. The points (representing 
average values) are generally in sur- 
prisingly good agreement with the data 
of Yocom and Chapman. The curve 
itself probably lies within the confidence 
limits of most of the points. Even the 
points most distant from the curve 
were nominally taken under the same 
conditions as some of the points lying 
near the curve, and probably represent 
short-term systematic variations in the 
nature of the fume. Unfortunately, all 
but a few tests were made at nearly the 
same contacting power, and these data, 


taken alone, do not show trends clearly. 


Phosphoric Acid Mist 


Brink and Contant® investigated 
collection of phosphoric acid mist by a 
plant-scale venturi scrubber. By means 
of a factorial experiment they demon- 
strated that increasing the number of 
spray jets or decreasing the liquid injec- 
tion velocity significantly increased the 
efficiency. However, both these trends 
also coincided with increased pressure 
drop across the venturi, which would 
be expected to increase efficiency. 
The data, correlated on the basis of 
contacting power (Fig. 4), show no 
clear trends of efficiency with liquid 
injection velocity or number of jets 
which do not coincide also with varia- 
tions in contacting power. 

In Fig. 4, the contacting power 
includes only venturi pressure drop. 
The pressure drop across the cyclone 
was not usually measured, but was only 
of the order of one in. water,‘ and was 
generally negligible compared with the 
venturi pressure drop. 


Open Hearth Stee! Furnace Fume 


Basse’ presented efficiency data for a pi- 
lot plant venturi scrubber operating upon 
open hearth furnace fume, correlating 
it on the basis of venturi pressure drop. 
He showed different curves for different 
furnace operating periods. However, 
the sampling periods generally over- 
lapped some of the operating periods. 
The data are presented on the trans- 
fer unit basis in Fig. 5, and it appears 
that all the points can be represented 
by a single average curve. This pro- 
cedure appears to be justified further 
by the wide scatter normally en- 
countered in such field data, but does 
not necessarily imply that the nature 
of the fume is actually identical at all 
periods. 


Foundry Cupola Dust 

Basse! also presented data on collee- 
tion of dust from a foundry cupola 
by a venturi scrubber. These have been 
plotted on the transfer unit basis in 


Fig. 6. 


Odorous Mist 


Byrd and Dewey’ studied collection 
of a malodorous mist by venturi scrub- 
bers. The mist, which was not identi- 


Table tl—Performance of Cyclone Scrubber on Talc Dust’ 


Pressure Water 


a Drop, Water Rate, Contacting Power, Collection Transfer 
Nozz Spray In. Pressure, Gal/1000 hp/1000 cu ft/min Efficiency, nits, 
Location Direction Water Psig Cu Ft Gas Liquid Total % N: 
Cyclone Downward over inlet. 2.6 25.5 15.9 0.410 0.236 0.646 54.8 0.80 
Horizontal, across inlet 6 25.5 15.9 0.725 . 236 0.961 70-9 1.24 
5 400 8.0 1.34 .87 3.24 90. 2.30 
Inlet Duct Countercurrent 2 25 15.2 1.45 . 223 1.67 82.0 1.72 
5 50 14.5 1.50 .422 1.92 84.7 1.88 
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fied, was probably a condensation 
aerosol formed from vapors of volatil- 
ized fats. Efficiency was determined by 
an odor measurement technique which 
in effect gave weight collection efficien- 
cies. Byrd and Dewey studied effects of 
venturi gas velocity and water rate, 
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Fig. 4. Performance of venturi scrubber on phosphoric acid mist.5 


and presented results in the form of 
smoothed curves without data points. 
The points plotted in Fig. 7 were taken 
from the curves in the original paper’ 
and do not represent individual de- 
terminations. 

Byrd and Dewey concluded that al- 


WORKING 


| 


NUMBER OF TRANSFER UNITS—Ny 
| 


| 


7}. © SCRAP CHARGING 

@ SCRAP CHARGING AND MELTING 
O SCRAP MELTING 

5} @ SCRAP MELTING, HOT METAL ADDITION 4 


4& SCRAP MELTING, HOT METAL ADDITION, WORKING 


| 


2 


dune 1960 / Volume 10, Number 3 


3 


CONTACTING POWER —hp/(1000 cu ft/min) 


RC-734541-32 


Fig. 5. Performance of venturi scrubber on open hearth furnace fume.! 


though the efficiency could be correlated 
primarily on the basis of venturi pres- 
sure drop there was some independent 
effect of gas velocity. However, Fig. 
7 does not show any such trend. Con- 
sidering the scatter in the original data, 
which must have been greater than that 
shown here, and also the difficulties of 
the measurement techniques employed, 
it is doubtful that the independent ef- 
fects of gas velocity were of much 
significance. 


Black Liquor Recovery 
Furnace Fume 


Semrau, Marynowski, Lunde, and 
Lapple* made a stidy of the per- 
formance of pilot plant venturi, pipe- 
line, and cyclonic spray scrubbers on 
fume from a Kraft (sulfate) black liquor 
recovery furnace. Data were correlated 
on the basis of theoretical power input 
(equal in this case to contacting power). 
The venturi and cyclonic spray scrub- 
bers, which used cold scrubbing water, 
gave apparently identical performance. 
The pipeline scrubber, which used hot 
recirculated fume solution for scrubbing, 
gave lower efficiencies than the other 
two (see Table III). This difference in 
performance was ascribed to condensa- 
tion effects obtained with cold water 
scrubbing. This view was supported 
by data from the literature on per- 
formance of a number of venturi and 
cyclonic spray scrubbers using hot 
fume solution for scrubbing. The 
performance of these latter units closely 
agreed with that of the pipeline scrub- 
ber. 


Only one data point (representing 
average conditions) was available* 
at that time for a venturi evaporator 
scrubber operating on relatively dry 
furnace gases and using hot black 
liquor for scrubbing. This showed an 
efficiency which was apparently signif- 
icantly lower than for scrubbing of 
moist gases with either cold or hot 
water. It was suggested” that the point 
probably lay on a third performance 
curve (Table ITI), and such a curve was 
drawn through it parallel to the curve 
for hot water scrubbing. This curve 
has been reproduced in Fig. 8. 

In a recent paper, Stacey** has given 
data on performance of a venturi evap- 
orator scrubber on soda-process recovery 
furnace fume. These points have been 
added to Fig. 8, and show very close 
agreement with the earlier data. They 
apparently confirm the general location 
of the curve, but the slope shown can 
only be taken as a reasonable estimate. 


Blast Furnace Dust and Fume 
The particulates in gas from iron 


blast furnaces consist essentially of two 


components: relatively coarse, mechan- 
ically entrained dust, and fine fume 
formed by condensation of materials 
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Fig. 6. Performance of venturi scrubber on foundry cupola dust.! 


volatilized in the hot zone of the furnace. 
The concentration of dust is normally 
several times that of the fume, and 
may vary widely with furnace opera- 
tion. The concentration of fume also 
varies widely, though perhaps less than 
that of the dust. 


The dust fraction will be collected 
with almost 100% efficiency by a low- 
energy scrubber, and the material in the 
exit gas will be composed almost en- 
tirely of fume. The over-all efficiency is 
determined primarily by the dust 
fraction, and may vary widely while the 
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Fig. 7. Performance of venturi scrubber on an odorous mist.’ (Data points taken from smoothed 
curves.} 


outlet dust and fume concentration 
remains comparatively unchanged. 
Under these conditions the over-all 
efficiency is somewhat meaningless as a 
measure of collector performance. 
Hence, it is common practice to rate 
blast furnace dust collectors in terms 
of the outlet dust concentration; this 
quantity is equivalent to the penetra- 
tion based on some constant (or, at 
least, average) inlet fume concentra- 
tion. 

In Fig. 9, the outlet dust concentra- 
tion in blast furnace gas is plotted as a 
function of the contacting power for a 
variety of scrubbers. Most of the points 
represent results of individual tests, 
but some are averages. The original 
references did not always define clearly 
the bases for measurement of gas 
volumes and dust concentrations, but 
these are conventionally given at stand- 
ard conditions of temperature and pres- 


sure. The standard conditions, al- 


though not always the same, do not 
vary greatly. The volumetric gas rate, 
based on standard conditions, may differ 
from that at actual flow conditions by 
15 to 20% (at least for primary washers, 
where the inlet gases are hot). A cor- 
responding error may be introduced into 
the contacting power where the gas 
rate must be used explicitly in the cal- 
culation, but this could have occurred 
only forthree or four of the points shown. 

Most of the data shown are for de- 
vices in which contacting power is 
derived from gas pressure drop, hy- 
draulic spray nozzles, or a combination 
of the two. These include the venturi, 
orifice, cyclonic spray, Brassert dis- 
integrator, and static tower scrubbers. 
Calculation of contacting power for 
these is straightforward. A small 
amount of published data was also 
available for two types of mechanical 
scrubbers: the Theisen disintegrator, 
and tower washers employing contacting 
rotors of the Feld type. In this case, 
calculation of the contacting power in- 
volved certain assumptions and ap- 
proximations. 

The power consumed by the me 
chanical scrubbers is normally given as 
that delivered to the motor. It was 
assumed that 85% of this power was 
effectively delivered to the gas stream, 
the remaining 15% being consumed in 
motor losses and by friction in the 
bearings and drive system. Where & 
boost in gas pressure occurred, the 
equivalent power was subtracted from 
that effectively delivered to the gas 
stream. The difference was taken to be 
the contacting power. 

In the rotor towers*® the major part of 
the contacting power consisted of gas 
pressure drop. ‘The additional me- 
chanical power appears to add nothing to 
performance (relative to the stati¢ 
towers at the same pressure drop), but 
the data are insufficient to be conclusive. 
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Table !ll—Summary of Scrubber Data 


Correlation 
i Parameters Reference 
Fig. 10 Aerosol Scrubber a y Remarks No. 


Lime kiln dust and 
fume (kraft mud 
kiln) 


1 Raw gas Venturi and cyclonic spray 1.47 1.05 

2 Prewashed gas Venturi, pipeline, and cy- 0.915 1.05 
clonic spray 

3-A Tale dust Venturi 2.97 0.362 

3-B Orifice and foe wa 2.70 0.362 

4 Black liquor Venturi and cyclonic spray 1.75 0.620 


recovery furnace 
fume 
5 Venturi, 
spray 


pipeline, cyclonic 0.740 0.861 


Lime dust and soda 22 
fume 
Mostly soda fume 


= 17, 22 


Cold water. 22 
Furnace 


gases humid 


Hot fume soln. for 22 
scrubbing. Furnace 


humid 


gases 
6 Venturi evaporator 0.522 0.861 Hot black liquor for 22, 24, 26 
scrubbing. 
gases dry 
7 Phosphoric acid mist Venturi 1.33 0.647 — 5 
8 Foundry cupoladust Venturi 1.35 0.621 —- 1 
9 Open hearth steel Venturi 1.26 0.569 —_ 1 
furnace fume 
10 Tale dust Cyclone 1.16 0.655 _ 10 
Copper sulfate Solivore 16 
11-A Mechanical spray genera- 0.390 1.14 Power estimated 
tors 
11-B Hydraulic nozzles 0.562 1.06 a 
12 Pucpestions furnace Venturi and cyclonic spray 0.870 0.459 — 22, 23, 27 
ume 
13 Odorous mist Venturi 0.363 1.41 
Blast furnace dust § Venturi, orifice, cyclonic _ _ —_— 1, 3, 6, 8, 12, 13, 14 
and fume spray, tower, disintegrator , 20, 21, 25 


Theisen disintegrators are normally 
used as secondary cleaners following 
a primary washer of some type. It is 
therefore necessary to add the con- 
tacting power for the primary scrubber 
to that for the Theisen to obtain the 
total contacting power corresponding to 
the outlet dust concentration. In the 
paper by Burks® data on the primary 
washers were given, but for the refer- 
ences by Meldau® and Rice and 
Bigelow”! the needed information could 
only be estimated. The data of Meldau 
showed comparatively high inlet dust 
concentrations, which indicated pri- 
mary scrubbing by low-energy devices, 
probably using contacting power con- 
siderably under 1.0 hp/(1000 cu ft/ 
min). The contacting power for the 
primary scrubber was not included with 
that for the Theisen, since it would con- 
stitute only about five to 10% of the 
latter. The data of Rice and Bigelow 
were apparently based on an average 
inlet dust concentration of about 0.25 
grain/cu ft, which would correspond 
to a primary scrubber contacting power 
of about 1.0 hp/(1000 cuft/min), 
and this estimated power was added to 
that for the Theisen. 

In some cases, the gas pressure 
changes across the Theisen disintegra- 
tors were relatively small, three-inch 
water rise to five-inch drop as reported 
by Burks, and one-inch rise as reported 
by Rice and Bigelow. The units dis- 
cussed by Meldau gave large pressure 
rises, 10 to 17 in. water, corresponding 
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to appreciable fractions of the total 
power input. 

Considering the diversity of the data 
sources and the limitations of the outlet- 
concentration method of defining per- 
formance, the data plotted in Fig. 9 
are in surprisingly good agreement. 
The performance of the Theisen dis- 
integrators is of particular interest. 
The points corresponding to the data of 
Burks* tend to deviate widely from the 
rest. However, the average power 
consumptions listed by Burks were 
given as estimates, and were perhaps 
nominal values. The data of Meldau” 
were for specific performance tests, 
and should be more reliable. The data 
of Rice and Bigelow?! presumably re- 
flect results of fairly extensive testing, 
but were presented as smoothed curves 
without data points. They are rep- 
resented in Fig. 9 by the broken line, 
whose length indicates the approx- 
imate range of conditions reported in 
the original reference. On the whole, 
the performance of the Theisen units 
appears to be similar to that of the other 
types. 


Summary and Conclusions 


The data correlated in this and the 
earlier paper”? are summarized in Table 
III and Fig. 10. In all cases it is found 
that the number of transfer units may 
be represented by a simple exponential 
function of the contacting power. 
This functional relationship is ex- 
pressed by: 


Ni = (5) 


where Pr is the total contacting power 
and a and ¥ are constants characteristic 
primarily of the aerosol. It would be 
expected that y should be related pri- 
marily to aerosol particle size distribu- 
tion, whereas a should be related to 
both particle size and size distribution. 
This type of relationship was found to 
hold very closely for data of good 
precision obtained under laboratory 
conditions."”» 72 In all other cases it 
appears to hold over the range of prac- 
tical interest. 

A logarithmic plot of penetration as a 
contacting power may show consider- 
able curvature,” particularly at low 
values of contacting power. It may be 
approximately linear in the higher con- 
tacting power range, as in Fig. 9. 

Correlation of the literature data 
generally confirms the findings of the 
earlier studies”: *? on the relationship 
of efficiency and contacting power. 
Efficiency is found to have little rela- 
tion to scrubber design and geometry, 
but to be dependent on the properties 
of the aerosol and on the contacting 
power. There are few data to show the 
effect. of scrubber size, but a number of 
the studies cited!» * 7 report that 
there are essentially no scale effects. 

The data specifically support the 
earlier observation® that contacting 
power derived from hydraulic spray 
nozzles is equivalent to that derived 
from gas pressure drop. There are no 


a 
a 
a 5 
8 
al 
ly 
is 
it 
il- 
ot 
ie, 
er 
or- 
ito 
al- 
vn. 
de- 
is 
hy- 
ion ; 
dis- 
ers. 
for 
nall 
tor, | 
ase, | 
in 
ap- | 
we 
me- 
n as 
was 
pam, 
d in 
re & 
the 
from 
to be 
art of 
f gas ; 
ing to 
static 
), but 
usive. 
ciation 205 


NUMBER OF TRANSFER UNITS—Ny 
rm 


A SULFATE PROCESS REF. 22, 26 
@ SODA PROCESS’ REF. 24 


2 3 4 
CONTACTING POWER — hp/(1000 cu ft/min) 

RA-734541-27 

Fig. 8. Performance of venturi evaporator scrubbers on black liquor recovery furnace fume 


data available to test the hypothesis | However, it does strongly indicate that 
that contacting power from pneumatic such may be the case. 

spray nozzles is also equivalent. The Note : Material supplementary to this 
available information is insufficient to _ article has been deposited as Document 
demonstrate unequivocally that con- number 6300 with the ADI Auxiliary 
tacting power supplied mechanically is Publications Project, Photoduplication 
equivalent to that derived from gas Service, Library of Congress, Washing- 
pressure drop or hydraulic spray nozzles. ton 25, D. C. A copy may be secured 
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Fig. 9. Performance of scrubbers on blast furnace dust and fume. 
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Nomenclature 
F, = friction loss across unit, in. 
water 
N, =number of transfer units, 
dimensionless 


pr = liquid feed pressure, lb force/ 
sq in., gage 

Ap = gas pressure drop across unit, 
in. water 

Pe = contacting power derived 
from the gas stream, hp/ 
(1000 cu ft/min) 

P, = contacting power derived 
from hydraulic spray noz- 
ales, hp/(1000 cu ft/min) 

= total contacting power, hp/ 
(1000 cu ft/min) 

Qc = gas flowrate, cu ft/min 

Qz = liquid feed rate, gpm 

a = constant of Equation 5, [hp/ 

(1000 cu ft/min) 

y = constant of Equation 5, di- 
mensionless 

n = collection efficiency, fraction 
of influent aerosol collected 
by scrubber 

1—y = penetration, fraction of in- 
fluent aerosol escaping col- 
lection 
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REDUCING EMISSIONS 
FROM INCINERATORS 


(Continued from page 197) 
solidated Edison Co. of N. Y. The 
Werner Air Pollution Controls, Inc., 
installed the Werner Device. The 
Hartmann Device was fabricated and 
installed by the R. G. White Manu- 
facturing Corp., Ozone Park, New York. 
The inventors were both helpful in ad- 
vising on the use of their equipment. 

M. M. Braverman, I, Ettinger, 8. 
Hochheiser, B. H. Pearson, and C. 
Theophil of the Bureau of Laboratory, 
Department of Air Pollution Control, 
New York City, conducted the sampling 
and determination of noxious gases and 
the analysis of particulate matter. 
Joseph Mankovitz and George Tipikin 
of the Department assisted with the 
tests. 

Daniel Marchi, assistant research 
scientist; Robert Fatell and James 
Jeffress, senior research aides; and Mrs. 
Sylvia Friedman, research aide, assisted 
in fabricating equipment, conducting 
tests, and in calculations. 

The encouragement and advice of 
Associated Dean Harold K. Work, 
Director, Research Division of the 
College of Engineering, and of Com- 
missioner Leonard Greenburg, Deputy 
Commissioner Sylvan Hanauer, and 
Chief Engineer Leo P. Flood of the 
Department of Air Pollution Control, 
City of New York, deserve special 
mention. : 
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AIR POLLUTION PROBLEMS of the STEEL INDUSTRY 


Informative Report 


Section II—Smoke in coke oven operation 


Coke for smelting of iron ore in 
the blast furnace must meet particular 
specifications as to its physical qualities 
and composition and is especially pro- 
duced in the coke oven plant from care- 
fully selected types of bituminous coal. 

The wasteful and outmoded beehive 
coke oven which is operated occasionally 
in some districts during periods of high 
demand for metallurgical coke, as in 
time of war, produces excessive amounts 
of smoke. Because of the inherent 
nature of this equipment such smoke 
cannot be reduced. The only measure 
of control, therefore, is in restrictions 
respecting location of such ovens in 
relation to built-up communities. The 
remainder of this discussion is confined 
to the modern by-product coke oven. 

The selected coals are sized by crush- 
ing and pulverizing, blended according 
to formula, and transported to coal 
storage bins above the coke ovens. 
Measured quantities of the coal blend 
are removed from these bins into a 
larry car which runs on a track running 
along the top of the coke oven battery. 

The larry car then moves to an empty 
oven and its measured contents dis- 
charged into the oven interior. 

During the coking cycle, volatile gases 
released from the coal charged are con- 
ducted through a system of pipes to the 
by-product plant where, in a series of 
processes, constituents of value are re- 
covered from the raw gases and the 
final, stripped coke-oven gas piped to 
some other equipment and burned as 
fuel 


At the end of the coking cycle, the 
coke formed in this carbonizing proc- 
ess is discharged from the oven into a 
quenching car whence it is transported 
to the quenching station where the in- 
eandescent mass is quenched with a 
very large quantity of water. 

Subsequently the quenched coke is 
discharged onto the coke wharf, allowed 
to cool, and then transported to screen- 
ing and crushing equipment. 
Description of Coke Ovens 


The large masonry structure recog- 
nized as coke ovens by the passing 


Section I, Dust Problems in Blast 
Furnace Operation, was published 
in this Journal in May, 1957. It 
was edited by Wesley C. L. Hemeon. 


spectator is actually a battery of in- 


dividual Ovens varying in width. from 


15 to 20 in. A battery may include as 
many as 100 ovens side by side in a con- 
tinuous structural unit. The average 
present-day oven is 30 to 40 ft long and 
10 to 14 ft high. The over-all dimen- 
sions of the battery, however, exceed 
that indicated by the above dimensions 
due to the considerable volume occupied 
by the heating chambers in which gas- 
eous fuel is burned for maintenance of 
the required temperatures and the mass 
of masonry below the ovens penetrated 
by an elaborate system of flues whose 
function is to recover heat values from 
the waste fuel gases. 


Sources of Atmospheric Pollution 
Visible smoke or other emissions 


around a by-product coke oven plant - 


originate from the following operations: 
(a) charging of coal into the ovens; 
(b) leakage during carbonization; (c) 
pushing the coke out of the ovens; 
and (d) quenching the hot coke. 

The following discussion does not 
include such purely in-plant problems 
as coal dust incident to the grinding and 
blending of coal, and steam and dust 
at the coke wharf. Also omitted from 
the discussion are the fuel-burning 
processes for the generation of steam, 
e.g., the burning of the coke breeze 
(the fine particles of coke too small for 
use in the blast furnace) and of the coke 
oven gas which, as a by-product, may 
be utilized as fuel in any of several other 
processes in the steel plant. 


Smoke and Gases in 
Charging Coal into Ovens 


Soon after an oven has been emptied 
of coke at the end of the coking cycle, 
it is refilled with a new charge of pul- 
verized coal which may range in size 
from three-inch lumps down to pulver- 
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ized material, and since the oven interior 
is at bright-red temperature, volatil- 
ization of gases from the coal mass 
begins at once and escapes to the ex- 
terior as visible clouds of yellow-brown 
smoke. 

Considerable progress has been made 
over the years in reducing the quantity 
of such smoke partly in arrangements 
and practices for minimizing its escape 
from the interior and partly in shorten- 
ing the time required for charging, 
since in the latter respect the sooner 
this is accomplished and the openings 
closed, the less is the total emission. 

Some of the positive accomplishment 
is ascribable to improvements in coke- 
oven design and part to improved 
operating practices. 


Coke Oven Design 


It should be borne in mind that the 
fundamental features of a coke oven 
battery cannot be changed during its 
lifetime, which amounts to 20 to 30 
years. At the end of its life it is com- 
pletely razed and a new _ structure 
erected to replace it. At such times new 
features of design are inevitably in- 
corporated both for improved economy 
of operation and air pollution control. 
Steam Jet Aspiration 

A number of newer design features 
have been under discussion in recent 
years on some of which there is general 
agreement and on others differences 
of opinion prevail within the indus- 
try. Leech’ discusses a number of 
these and brings out the fact that one 
important improvement over older 
practice includes facilities for aspirat- 
ing gases from the interior of the oven 
during charging by means of steam jet 
aspirators in the ascension pipe elbow, 
whereas in former times it was the 
practice to seal off the oven interior from 
the gas-collecting main during charg- 
ing. This resulted in the emission of 
enormous quantities of smoke during 
this period in comparison with that 
under current practice: 
Double Collecting Main 

Even though a steam jet aspirator is 
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operated in the gas ascension pipe 
during charging, some smoke tends to 
escape from the openings at the opposite 
end of the oven due to the distance the 
gases must travel and partial ob- 
struction caused by piling up of coal as 
portions of the oven become nearly 
filled. 

One arrangement for minimizing this 
effect, available for incorporation in 
new plants, provides two gas collect- 
ing mains, with a gas ascension pipe 
with a steam jet aspirator at each end 
of the oven. Thus the length of gas 
travel to the point of exit is halved and 
escape of smoke is lessened. 

It should be observed that effective- 
ness of smoke control with this arrange- 
ment is also greatly dependent on the 
charging operators who must manually 
open and close the steam valves supply- 
ing the jet aspirators. 


Equalizing Main 

Another design feature somewhat 
similar to the double main consists in a 
gas pressure equalizing main on the 
side opposite to the collecting main. 
The equalizing main serves simply to 
connect all ovens to each other through 
this main; it is not connected to the 
principal gas main flue. The equalizing 
main provides an avenue of egress for 
gas generated during the charging 
(which cannot leave throngh the as- 
cension pipe into the principal collect- 
ing main) to pass into one of the nearby 
ovens that, due to its coking stage, is 
under lower pressure and can thus 
accommodate this gas. This arrange- 
ment is somewhat less positive and, 
therefore, less effective than the double 
main. 


Special Duct By-Passes 
Attached to Larry Car 


Various ideas have been advanced to 
provide additional gas passageway from 
the interior of ovens being charged 
supplementing that provided by a 
single ascension pipe leading to the gas 
main, i.e., to accomplish less expensively 
the effect of a double gas collecting main 
or an equalizing main. One of these 
proposes to take advantage of the lower 
pressure existing in adjacent partially 
coked ovens. To this end, a smoke 
duct fixed to the larry car assumes a 
position when the car is located for 
charging such that it provides a passage 
for gas from the end of the oven being 
charged that is farthest from the as- 
cension pipe (and hence more likely 
to permit escape of smoke) to the top 
interior of an adjacent oven which is 
under lower pressure. In this arrange- 
ment a steam aspirator in the gas up- 
take of the adjacent oven would be 
turned on to increase the flow of gases. 
Leech, discussing this arrangement, 
draws attention to the disadvantages; 
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the “smoke pipe is difficult to keep clean 
and its use requires opening one more 
coal-charging hole.” In other words, 
it requires an additional manipulation 
on the part of the workman with all 
of the implied disadvantages concerned 
with the human factor. Improvements 
in this arrangement may be hoped for in 
the future since its simplicity otherwise 
is basically attractive. 

Another device which has been tried 
involves attachment of a bustle pipe 
to the larry car to provide an exterior 
passage for gases from the end opposite 
to the ascension pipe, around the coal 
blocking the gas space in the top of the 
oven, to the interior space of the same 
oven nearest the gas exit. This arrange- 
ment also is subject to the difficulties 
mentioned above, i.e., keeping the 
bustle pipe free of tarry deposits tend- 
ing to plug it. Here again future de- 
velopment may overcome these diffi- 
culties. 


Charging Hole Spacing 

One of the coke oven design elements 
that minimizes the escape of smoke from 
the oven interior during charging is in 
appropriate spacing of the charging 
holes in relation to oven volume. The 
objective in this respect is to avoid 
piling up of coal anywhere in the oven 
in such manner as to create a barrier 
to the free passage of gases from any 
part of the oven toward the gas take- 
off flue. This condition is attained by 
calculated spacing of the charging holes 
in relation to the volume of the oven, 
a feature discussed by Wilputte and 
Wethly? and also by Leech.! The 
latter refers also in this same con- 
nection to the advantage resulting from 
the design arrangement in which the 
bottom ends of the charging holes 
where they enter the oven chamber are 
flared outward, thus providing more gas 
space between the coal charge and the 
top of the oven for free passage of gases. 


Sleeves and Shear Gates 


Another feature that has received 
attention in recent years aims to provide 
an enclosure between the hopper of the 
larry car and the top of the charging 
opening to prevent the escape of smoke- 
laden gases from the oven interior during 
the charging. This takes the form of 
drop sleeves and shear gates, which 
allow the operator to lower the sleeve 
to the top of the oven preparatory to 
charging the coal and to close the gate 
of each hopper as soon as it has been 
emptied, the latter to prevent the pass- 
age of gases upward through the 
hopper.?- Immediately following this 
operation the operator will trip the drop- 
sleeve to raise it and quickly replace 
the lid. Then the leaks around the 
charging-hole lid are sealed either by 
luting or by dry seal. 


Coal Measuring Sleeves 


Since a part of the problem of allow- 
ing free passage of gas from one end of 
the oven to the other, during charging, 
is related to the volume of coal charged 
from a given hopper, attention has been 
given to means for better control and 
that has resulted in the development of 
volumetric sleeves on the top of the 
larry car hoppers which make it pos- 
sible to adjust the bulk of coal in each 
hopper to match the requiréments of 
ovens of different cubical capacity. 
This device makes it possible to charge 
the correct volume of coal and thus 
minimize the gas passage difficulties 
discussed above. 


Mechanical Feed from Car to Oven 


Any arrangements which reduce the 
time required for transfer of the coal 
charge from larry car hopper to oven 
interior will reduce the total escape of 
smoke and several mechanical devices 
have been advanced toward this end, 
including hopper vibrating mechanisms 
in conjunction with smooth stainless 
steel liners, cylindrical hoppers and 
bottom turn-table feeders, and a screw 
feed mechanism. The industry is at- 
tentive to these new developments and 
can be expected to adopt one or another 
as experience points the way to the best 
of these. 


Control of Coal Bulk Density 


Control of the bulk density of the coal 
mass is one of the factors contributing 


* to coal feed rate as well as to certain 


production aspects. In those operations 
where the coal is pulverized and blended 
it has become increasingly common to 
control the moisture content and, by 


- addition of small quantities of oil to 


the coal, to modify the bulk density 
further. Leech observes that  oil- 
sprayed coal moves out of the larry 
car hoppers with much greater facility, 
thus reducing time required for charging. 


Leveling 
During the oven-charging process, 


the leveling operation ensues which 
involves operation of the leveling bar, 
a mechanism that is an element of the 
coke pusher equipment, operating 
through the leveling bar opening on the 
pusher side, near the top of each oven. 
Operation of the steam jet aspirator 
in the ascension pipe of the oven being 
serviced tends to prevent the escape 
of much smoke from the oven interior 
but it is not entirely successful. To 
perfect the control of smoke at this 
point, each oven can be equipped with 
a smoke seal box surrounding the leveler 
bar opening and which, in conjunction 
with the effect of the steam jet aspirator, 
and which, in conjunction with the 
effect. of the steam jet aspirator, will 
greatly reduce the escape of gas from 
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this opening, and on batteries having 
a gas-collecting main on the pusher side, 
practically eliminates all escape of 
smoky gases. 


Carbonization Period 


During the 18- to 20-hr carboniza- 
tion period, leakage of smoke from the 
interior of an oven may occur around 
the doors unless measures are adopted 
to minimize it. 


Sealing of Oven Doors 


In older designs the joint between 
the coke oven door and the jamb is 
sealed by luting, in a hand-troweling 


’ process, a wet mixture of clay and coke 


breeze into a channel between the door 
and the jamb. In recent years a num- 
ber of self-sealing door designs have 
appeared in which metal-to-metal con- 
tact between a machined surface and a 
knife edge, together with mechanical 
arrangements for exerting pressure, 
provides the seal and avoids the dis- 
advantages of the older luting method 
which is so dependent for its effective- 
ness on the attitude of the workmen 
having this responsibility. It is, how- 
ever, necessary that a superior main- 
tenance program be applied to this 
equipment since wear and tear in- 
evitably allows the development of 
leakage. 

An optimum maintenance program 
for self-sealing doors, as proposed by 
coke oven operators of Allegheny 
County, Pennsylvania* includes chang- 


ing the knife-edge material to stain- . 


less steel; adoption of a numerical 
system whereby a complete history of 
each door is kept, and of a system of 
tagging of doors by the operators to 
inform the maintenance force of the 
reason a particular door was taken out 
of service. 

As to luted doors, it is advocated 
that tamping of the luting after com- 


pletion of charging be practiced to 
minimize smoke emission from that 
source. 


Pushing 


At the end of the coking cycle the 
incandescent coke is transferred from 
the oven by pushing equipment into 
the coke-quenching car. The quantity 
of smoke arising from the mass during 
the period required for transport to the 
quenching station is dependent on the 
degree of coking. Incompletely car- 
bonized coke (‘‘green” coke) gives rise 
to considerable quantities of smoke; 
and conversely, if thoroughly car- 
bonized, very little smoke is produced. 


Coke Quenching 


In the quenching process a car of 
incandescent coke, holding as much as 
14 tons, fresh from the oven, is trans- 
ported rapidly to the quenching station 
where the mass is quenched with some 
4000-6000 gal of water in a short period 
of a minute and a half. Vast clouds of 
resulting steam soar upward from the 
tower and are visible for great dis- 
tances. 

Some liquid water droplets are en- 
trained in the high velocity currents 
of air and steam inside the tower and 
are often perceptible as a light rain or 
mist within a radius of a few hundred 
feet. There is also the possibility of 
entrainment of fine particles of coke 
but the quantity is small, and, like 
the water droplets, tend to be deposited 
on the ground within a short distance 
of the tower. Contrary, therefore, to 
common opinion, the coke quenching 
tower is not a significant source of air 
pollution insofar as the neighborhood 
is concerned even though it may cause 


metal corrosion problems within the ~ 


plant where contaminated water is 
employed for the quenching liquid. 


Section IIl—The open hearth furnace 


The open hearth furnace is the unit 
in which some 90% of the steel made in 
the country is produced. In a process 
which is superficially simple but in- 
trinsically rather complicated, the pig 
iron produced in the blast furnace is 
transformed into steel by means which 
reduces the carbon content of four to 
five percent in the pig iron to a fraction 
of one percent and, equally essential 
in modern steel-making practice, con- 
trols the content of ever-present phos- 
phorous, sulfur, manganese, and sil- 
icon. 

Groups of furnaces up to a dozen or 
so arranged in @ row comprise an open 
hearth shop. The open hearth shop is 
completely housed in a mill building 
identifiable from the outside by its 
row of steel stacks relatively closely 


spaced, looming some 50 to 100 ft 
above the roof line of the main building 
emitting vari-colored smoke ranging 
from white through various shades of 
tan. 

The furnace proper consists of a 
shallow rectangular basin or hearth 
enclosed by walls and roof all con- 
structed of refractory brick, and pro- 
vided with access doors along one wall 
adjacent to the operating floor. A 
tap-hole at the base of the opposite 
wall above the pit is provided to drain 
the finished molten steel into the ladles. 

Fuel in the form of oil, tar, coke oven, 
or natural gas, or producer gas is burned 
at one end. The flame from combus- 
tion of the fuel travels the length of the 
furnace above the charge resting on the 
hearth. The hot gases on leaving the 


furnace interior are conducted in a 
flue downward to a regenerative cham- 
ber for heat recovery consisting in a 
mass of refractory brick systematically 
laid to provide a large number of small 
passageways for the hot gas called 
checkerwork or checkers. In passing 
through the checkerwork the brick mass 
absorbs heat, cooling the gases to around 
1200°F. 

All the elements of the combustion 
system—burners, checkerwork, and flues 
are duplicated at each end of the fur- 
nace which permits frequent and sys- 
tematic reversal of flow of the flame, 
flue gases, and pre-heated air for com- 
bustion. A system of valves in the flue 
effects the gas reversal so that the heat 
stored up in checkers is subsequently 
given up to a reverse direction stream 
of air flowing to the burners. 

In some plants, the gases leaving the 
checkerwork pass to a waste heat 
boiler for further extraction of heat 
which reduces the temperature from 
around 1200°F to an average of 500° 
or 600°F. 


Operation 

Open hearth furnace capacities span 
a wide range. The median is between 
100 to 200 tons per heat but there are 
many of smaller capacity and an in- 
creasing number of larger capacity. 
Time required to produce a heat is 
commonly between eight and 12 hours. 

Raw materials charged to the open 
hearth furnace besides pig iron in- 
clude iron ore, limestone, scrap iron, 
and scrap steel; and each of these is 
employed in different forms. The 
pig iron may be molten or in the form 
of cold pigs. The iron ore may be fine 
or in lumps and the scrap metal in a 
considerable variety of forms. The 
proportions of various ingredients vary 
with economic circumstances, with the 
characteristics of material supply and 
numerous other factors that need not 
be detailed here. The proportioning of 
metals and auxiliary materials, the 
order and the timing of their addition 
is complex and dependent for example, 
on the kinds of materials available, 
the kind of steel to be produced, char- 
acteristics of the fuel and of the furnace, 
and calls for a high order of skill from 
the open hearth furnace operator. 


Stack Emissions 


The solids in the flue gases of open 
hearth furnaces include both coarse 
and fine particles and are continually 
emitted at highly variable rates through- 
out the eight to 12-hour cycle of an 
open hearth heat, variable in color 
appearance as well as in quantity. 
These particles originate from the 
mechanical and chemical reaction of 
hot gases inside the furnace on the 
charged materials, from the chemical 
reactions and agitation in the molten 
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Table I—Dust Collection Efficiency 
on Open Hearth Fumes of Several 
Inertial Type Dust Collectors 


(According to Vajda) 
Type W Rotoclone................ 45% 
Multiclone (6 in. tubes, 4 in. pres- : 


N (4 in. pressure 


Pebble filter (Two 4 in. beds !/; 
in. to '/2 in. pebbles 6 in. pres- 


bath itself, and from the combustion of 
the fuel. In addition to the dust and 
fume, gaseous emissions result in 
quantities determined by the com- 
position and rate of fuel combustion. 

Available data indicate that the 
highest rate of solids emission occurs 
in the first half hour after hot metal 
addition, and the period of one to two 
hours in the latter part of the ore boil. 
In the remaining period comprising more 
than 80% of the cycle, the solids emis- 
sion rate is materially lower. The over- 
all average concentration of solids in 
the flue gases is approximately 0.4 
grain per cubic foot measured at 
standard conditions. This amounts 
to approximately five to 10 pounds of 
solids per ton of steel dependent upon 
the type of furnace operation. Over 
half the dust is less than one micron in 
size and a large part of this material 
has been measured at about 0.03 
micron. 


Flues and Checkers 


During the course of furnace opera- 
tion, coarser particles carried out of the 
furnace settle out in the flues and in the 
checkers. In order to avoid choking 
of these passages, it is necessary period- 
ically to clear them and this is done by 
blowing with large volumes of steam 
for short periods of time, three or four 
times a month. The quantity of such 
dust is a minor proportion of total solids 
although it escapes into the open 
atmosphere in a relatively short period 
of time, and being composed of relatively 
coarse material would have a greater 
tendency to settle rapidly out of the 
atmosphere. 


Fume Control 


Engineering methods for the re- 
duction of solids emission from open 
hearth furnaces have been the subject 
of extensive inquiry and investigation 
by the industry in recent years. This 
problem has been one of the most 
troublesome for the steel industry be- 
cause of the design and operating dif- 
ficulties encountered with precipitators, 
their high cost, and because many 
plants do not have adequate ground 
Space near the open hearth stacks to 
permit installing such bulky equipment. 

These difficulties have impelled the 
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industry to support exploratory studies 
seeking possible alternatives. One of 
these was an extensive pilot investiga- 
tion by Vajda‘ in Pittsburgh which 
included studies of the performance of 
various types of commercial scrubbers 
and inertial dust collectors. The find- 
ings indicated that a number of common 
types of equipment were capable of 
removing 50 to 60% by weight of these 
solids which, it should be pointed out, 


- is that fraction which contributes to the 


dustfall nuisance of a community. 

These are the efficiencies during 
furnace heats. The efficiency during 
blowing of flues and of checkers would 
be much higher because that dust con- 
sists mainly of coarse particles. No 
industrial installations of these types 
have been made. 


Performance Criteria 


What criteria of performance are 
properly applicable to open hearth 
flue gas cleaning? 

One kind of criterion would cite the 
maximum permissible concentration of 
solids in the stack gases. Municipal 
regulations apply this basis widely to 
solid fuel burning equipment. When 
one comes to the consideration of an 
actual concentration figure to apply 
to open hearth furnace gases as a defi- 
nition of good practice, there are var- 
ious opinions as to what criteria should 
govern. 

One view is summarized in the fol- 
lowing. Decisions should not be based 
simply on the appearance of the stack 
plume. Specifications should rather 
be based on the concept that fume re- 
moval equipment ought to be of such 
efficiency that residents in the neigh- 
borhood are not subject to perceptible 
increments of dustfall on their premises. 
If such a standard were to be applied to 
the framing of a dust collection per- 
formance code for open hearth furnaces 
a number of inertial-type dust collec- 
tors and scrubbers would render ac- 
ceptable service in many cases even 
though weight efficiencies would not 
exceed 50% during normal heats and 
perhaps over 90% during blowing of 
checkers and flues. The reason for this 
is that such collectors effectively re- 
move the largest particles and these 
are the ones which may cause annoy- 
ance if they are deposited at ground 
level at a perceptible rate. 

Another view expresses the convic- 
tion that the appearance of the stack 
plume should serve as the ultimate 
criterion. The argument in support 
of this is that unless fume is removed 
from the stack gases in amounts suf- 
ficient to dissolve the plume so that 
improvement is visually obvious to 
neighbors and passersby, the effort 
will have been wasted, since people are 
prone to complain on the basis of what 


they see at the stack even though there 
be no relationship to effects at ground 
level. 

This attitude, representing as it does 
the line of least resistance, may be 
valid from the psychological viewpoint 
but not so from a scientific one. It 
is nevertheless widely held and was the 
basis on which Vajda rested his con- 
clusions concerning the performance of 
various types of gas cleaner tested by 
him. He remarked, “Experiments. . . 
indicate that the outlet dust loading 
must be down to 0.05 grain per cubic 
foot to give a clear stack. Above this 
loading, a bystander cannot tell whether 
there is a cleaning unit on the stack or 
not.” 


Electric Precipitators 


Electric precipitators have been in- 
stalled (1959) for open hearth stack 
gas cleaning in steel plants at Geneva, 
Utah; Torrance and Fontana, Calif.; 
at Morrisville, Pa. and plans for 
installation have been announced by 
two companies in the Pittsburgh area. 
The Geneva installation differs from 
the other three in that provisions for 
supplemental fluoride control were in- 
corporated in the design. This was 
accomplished by injection of lime into 
the gases to react with the gas-borne 
fluorides at a point preceding the pre- 
cipitators. Therefore in this case the 
precipitators remove both particulate 
matter and the solid fluoride compounds 
formed by the above reaction. 

Two points of importance need to be 
observed respecting electric precipita- 
tors. A visible, ever conspicuous plume 
is still apparent even when precipita- 
tors are operating at 90% efficiency 
and greater, a point having a bearing 
on the gestion of criteria discussed 
above. 

The other point concerns the con- 
siderable experimental effort that is 
required after a precipitator is in- 
stalled, to develop it to a stage of satis- 
factory performance. Electric pre- 
cipitation of open hearth dust is still 
more of an art than a science. The 
engineering problems are well illus- 
trated in the article by Akerlow® 
which details the development work over 
a period of several years that was in- 
volved in discovering causes of im- 
perfect operation and designing cor- 
rective measures. 


Filtration Research 


Paralleling the developments de- 
scribed above, the American Iron and 
Steel Institute, recognizing the im- 
portance of this problem, in 1953 
initiated research at the Harvard School 
of Public Health under Dr. Leslie 
Silverman seeking to ascertain the 
feasibility of filtration through slag 
wool in conjunction with a process for 
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rejuvenation. of the filtering media, 
A pilot unit has provided data leading 
to hopes that a gas cleaning apparatus 


Section 1V—Bessemer 


verters 


Pneumatic converters serve basically 
the same function as that of open hearth 
furnaces, i.e., the transformation of 
pig iron to steel by lowering of the car- 
bon, silicon, and manganese content 
according to the desired quality of the 
finished steel. 

The refractory-lined steel vessel re- 
ceives a charge of molten pig iron in 
quantities ranging from 25 to 30 tons 
in the case of the older Bessemer con- 
verters on up to double or more that 
quantity in more recently constructed 
units. Elimination of the dissolved 
carbon is effected by oxidation which 
results from intimate contact with a 
stream of air or oxygen. Since in a 
typical charge of pig iron the dissolved 
carbon, silicon, and other elements 
upon oxidation is equivalent in heating 
value to one ton or more of coal, no 
auxiliary fuel is required in this type 
of smelting; all that is required is a 
supply of oxygen to the molten charge. 

Pneumatic converters of 30 tons 
capacity effect the complete oxidation 
reaction in a brief period of 10-15 min 
in contrast to the open hearth furnace 
where the melting and refining of 100—- 
200 tons of steel requires periods 
ranging from eight to 12 hours. The 
advantages apparent in the preceding 
statement tend to be counteracted in 
some degree by a number of considera- 
tions. These include the composition 
of the resulting steel respecting such 
trace elements as phosphorus, sulfur, 
nitrogen, oxygen, etc. in relation to the 
metallurgical qualities of the resulting 
steel which in turn are determined by 
the physical qualities required in sub- 
sequent fabrication. These considera- 
tions in turn are related to the quality 
of raw materials, e.g., iron ore. A 
factor of importance in a comparison 
of the function of Bessemer converters 
vs. open hearth furnaces is in the 
limited extent to which these convert- 
ers can melt scrap metal. 

The relatively low capital invest- 
ment required for pneumatic con- 
verters in combination with their other 
advantages has led recently to a period 
of extensive engineering and metal- 
lurgical research to find ways of more 
effectively exploiting these advantages. 


Bessemer Converters 


Bessemer converters are those spec- 
tacular steel-making units whose bril- 
liant yellow flame dramatically il- 
luminates the sky around some steel 
plants at night and which discharge 
volumes of high-soaring clouds of 
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might be developed requiring minimum 
ground area. This research is con- 


tinuing. 
and Top-blown Con- 
orange-brownish iron oxide fumes prom- 


inently visible in daytime. 
They are cylindrical steel vessels 


with a spout or nose surmounting the , 


top at an angle with the main axis, 
mounted on trunnions on which they 
can rotate. One of the trunnions is 
hollow and serves as an air duct for 
passage of air from a blower to a 
chamber at the bottom of the vessel 
known as the wind box. 

Air passes upward (when the con- 
verter is vertical) into the molten 
metal through holes (tuyeres) in the 
refractory barrier separating the wind 
box from the molten metal bath. Air 
pressure prevents metal from trickling 
downward through the tuyeres into the 
wind box. When the converter is 
tilted 90° on its side the surface of the 
molten metal is below all tuyeres and 
the air blast can be shut off when it is 
in this position. In fact this is the 
position of the converter when it is 
charged with molten pig iron. 

The sequence of operations in the 
operation of a Bessemer converter is 
well outlined in the following extract 

“After completion of the previous 
blow, the vessel is turned on its trun- 
nions until it assumes an almost. hor- 
izontal position and scrap, scale, or 
ore is dumped into the vessel if desired. 
The molten pig iron is then poured in 
from the transfer ladle. In this hori- 
zontal position the metal is contained in 
the belly of the converter and does 
not come in contact with the tuyeres. 
The blast is started and the vessel 
turned to a vertical position and re- 
mains in this position throughout the 
balance of the blowing period, unless 
‘side-blowing’ is resorted to for increas- 
ing temperature. 

“The Bessemer blow is usually 
thought of as being divided into three 
parts, the first period, the secoud 
period, and the after blow. 

“The first period, or the silicon blow, 
as it is commonly called, begins as the 
blast is turned on and the vessel turnéd 


_ up. During this period of the blow, 


a short transparent flame extends from 
the mouth of the:vessel. As the blowing 
continues the flame starts to lengthen 
after about four minutes and the second 
period or carbon blow begins. 

“Tt is during the second period that 
the flame attains its full brilliance and 
length, extending as much as 30 feet 
beyond the mouth of the converter. 
This flame results from the evolved 
carbon monoxide burning to carbon 
dioxide as it comes in contact with the 


air at the mouth of the converter. It 
is at this time that the blower care- 
fully studies the flame to determine if 
his judgment regarding temperature 
control, and in estimating the amount 
of scrap needed, initially was correct. 

“The long, brilliant flame which is 
characteristic of the carbon blow con- 
tinues until the elimination of carbon 
approaches completion, whereupon there 
is a definite change in the appearance 
of the flame. The length of the flame 
gradually drops and it seems to fan 
out. ... 

“After the blower has made the 
decision that the blow should be ter- 
minated, the vessel is turned down and 
the blast turned off.’ 


Dust and Fume Emissions from the 
Bessemer Converter 


In the operation of the ordinary 
Bessemer converter two kinds of par- 
ticulate matter are discharged to the 
atmosphere. Pellets of metal and slag 
are mechanically ejected due to the 
violence of the air blast bubbling 
through the molten metal. These are 
known as spittings composed, as they 
are, of relatively coarse particles which 
tend to settle out on the premises close 
to the source. The other type is the 
visible orange-colored fume of iron oxide 
resulting from volatilization in the 
converter of some of the iron and its 
subsequent oxidation in the open air. 
These particles are suspended in the 
hot gases which, because of their 
buoyancy rise to great heights trans- 
porting the visible fume with them. 

If these tendencies were absolute 
there would be no air pollution problem 
outside the plant area (except where 
the converters were located immediately 
adjacent to places of residence near 
the plant boundary), because of the 
limited distance travel of coarse spit- 
tings on the one hand, and on the other 
hand, the buoyant transport of the 
visible fumes to such heights as to 
avoid contamination at ground level. 

Departure from these absolute tend- 
encies doubtless occurs in that some 
smaller droplets of metal and slag, 
small enough to be transported up- 
wardly in the buoyant cloud of visible 
fume but large enough to settle out of 
the cloud later by gravity, may be 
generated. To what extent this is a 
significant contributor to dustfall at 
different distances from a converter 
plant is not known. . It is quite certain, 
however, that the visible fume portion 
of the emission cannot cause soiling of 
property at ground level when soaring 
away at high altitudes. 

In spite of these uncertainties cover- 
ing the magnitude of the air pollution 
potential of the converter at a distance, 
the problem of fume suppression has 
received considerable attention. The 
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difficulties are well summarized by 
Trinks’: 

“ ...The gases which leave the 
Bessemer converter have a temper- 
ature of about 3000°F, and they are 
still burning after they have left the 
mouth of the converter vessel. These 
flaming gases are not confined and can- 
not be confined, for several reasons. 
The mouth of the converter is not sta- 
tionary during the blow. The vessel is 
tilted from horizontal to vertical posi- 
tion at the beginning of the blow, and is 
laid down again before the end of 
the blow. And that is not all. Dur- 
ing the main part of the blow, the 
position of the converter is not al- 
ways the same. The blowers have a 
surprisingly keen ability to locate 
thin spots in the bottom. They tilt 
the vessel in such a manner that the 
depth of iron or steel is greater over 
the thin spot than elsewhere. 

“Additional features exist which 
make any dust-catching device near 
the converter mouth an impossibility. 
A crane-way must be provided over 
the converter for transporting ladles 
which contain up to 50 tons of iron or 
steel. Converter vessels are removed 
for relining, and repair jobs must be 
done. 

“Last, not least, the converter spits 
pellets of iron and steel. The yield of a 
converter is commonly considered to be 
in the neighborhood of 88 %. For 
every 100 pounds charged into the 
vessel, about four pounds of carbon 
burn to CO in the converter and to 
CO, after leaving the vessel. Eight 
pounds are thrown out as pellets or as 
metallic oxides. The pellets are trouble- 
some, because they are shot out with 
high velocity. Some rise to a height of 
50 or even 60 feet. When impinging 
upon a solid object such as a wall or 
girder, or roof, the pellets flatten and 
stick. The action is very similar to 
that of the metal-spray. In time, 
heavy masses of iron and steel are 
formed. Unless removed at regular 
intervals, they drop off and endanger 
those who are working below. 

“The combination of all of these 
facts makes the problem of dedusting 
the Bessemer converter an extremely 
difficult one. The most obvious, but 
very expensive solution consists in 
total enclosure, with a roof at least 
70 feet above ground level. At that 
height very few pellets can stick to the 
roof. The fan which draws the gases 
from the converter chamber must suck 
in enough volume of cold air to reduce 
the temperature of the gases to about 
800°F, in order to prevent scaling. 
The diluting air may be drawn in from 
outside for instance through louvres. 
The cooled gases can be sent into cyclone 
cleaners or other known dust-separators. 

“The gases which have passed through 


June 1960 / Volume 10, Number 3 


dry separators are not entirely free 
from smoke. The hot gases contain 
fumes which solidify upon being cooled 
in the open. If that portion of the 
total smoke is likewise to be eliminated, 
the gases must be sent through a spray 
tower and then through an electro- 
static precipitator. The cooling water 
removes some of the dust and must, 
according to the latest laws, be filtered, 
before it is allowed to re-enter the river 
or the lake. 

“A complete total-enclosure _instal- 
lation for several converters runs into 
fabulous sums. So far as the author 
knows, complete enclosure for the 
purpose of dust elimination has never 
been attempted in a steel plant.... 

“Complete enclosure was observed 
by the author in Germany, where it had 
been installed as a war measure for the 
purpose of blacking out the light which 
converters emit. Much of the con- 
verter dust was deposited in the flame 
tower and was removed at regular in- 
tervals through a door in the funnel- 
shaped bottom. Only a light brown 
haze was visible at the top of the 
tower.... 

“The rate of discharge of dust from 
a converter is not constant during the 
period of the blow. The thinner the 
bath, the greater is the rate of dust 
production, presumably because the 
metal is more thoroughly atomized 
and, for that reason, offers a greater 
surface to the air stream .... 

“Thin baths are found at different 
times, for instance, while the vessel 
is righted and while it is being laid 
down. During both periods, the blast 
is on, so as to keep the iron or steel 
from running down through the tuyeres. 
In a partly tilted vessel, the edge of the 
‘bath is very thin. In consequence, 
very thick and heavy brown smoke is 
emitted while the vessel is being tilted 
up or down. The shorter the time of 
tilting, the shorter is the period of 
producing heavy smoke ... . 

“The greatest smoke producer in the 
operation of a converter is the so-called 
‘green bottom.’ After a certain num- 
ber of blows (never more than 20) 
the bottom has been worn thin and un- 
even. The blower decides, when it is 
time to change bottoms. The so-called 
green bottom is actually not green. It 
has been thoroughly baked. The 
green part comes in from the fact that 


‘the edge or rim of the bottom is smeared. 


with clay and graphite. The new 
bottom is pushed up against the lower 
end of the vessel and is quickly fastened 
by swinging bolts and wedges. A 
charge is then run into the vessel. 
However, the new charge is only about 
35% of the weight of a regular charge, 
which means that the bath is thin. 
If the light charge is blown for three 
or four minutes with full pressure, ex- 


tremely dense and heavy smoke is 
discharged. The extreme heat of this 
blow dries the luting between bottom 
and vessel quickly. If a leak should 
occur, the loss would be comparatively 
small. If no leak is discovered during 
the short blow, the vessel is filled to 
the regular weight of charge and the 
blow is finished. . . .”” 


Fume Control Investigations by 
U. S. Steel Industry 


In 1952 (?) the steel companies in 
the Pittsburgh area sponsored studies 
on fume control issuing from Bessemer 
converters. The findings‘ confirmed 
the engineering complexity of the 
problem and produced also some in- 
teresting data. The experimental as- 
sembly included a steel framework 
erected in the space above an operating 
Bessemer converter which permitted 
mounting of steel plates for experi- 
ments with air jet and water spray 
systems to see if such arrangements 
would prevent the accumulation of 
spittings on the steel surface. These 
spittings, as observed by Trinks, con- 
sist of small globules of molten iron 
and slag which are discharged through 
the converter nozzles at high velocity 
and on impingement adhere strongly 
to steel surfaces until the accumulation 
of a thick mass heavy enough to drop 
off spontaneously. This condition has 
always complicated consideration of 
enclosures for confinement of the con- 
verter effluents prior to removal from 
the gas stream. 

These experiments were conducted 
at a height of 55 ft above the converter 
mouth and included attempts to pre- 
vent accumulation of spittings by the 
sweep of air jets from high pressure 
nozzles tangential to the steel surface. 
All these attempts were unsuccessful. 

The application of water sprays to the 
steel surface was successful in prevent- 
ing such accumulations so long as the 
surface was maintained wet at all 
times during the exposure. 

Measurement of air velocities and of 
temperatures in the plume at a dis- 
tance of 55 ft from the converter mouth 
indicated that the total flow of flue 
gas (including the air which had be- 
come turbulently entrained in the 55- 
ft distance) amounted to 250,000 to 
300,000 cu ft a minute at temperatures 
between 450 and 550°F. These values 
are of the same order of magnitude as 
those indicated from German studies 
cited later on. 

Another experiment in which a 
curving steel plate was mounted 80 
feet above the converter mouth also 
accumulated spittings in spite of the 
play of high pressure air jets against 
the surface. 

Some experimental studies on dust 
collectors were also carried out. A 
1200-cfm portion of hot dust-laden 
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gases from the main stream was as- 
pirated through a small-diameter cy- 
clone. The cyclone efficiency ranged 
from 66 to 76%. The effluent in the 
cyclone was markedly different in 


appearance from the main cloud. It 


appeared as a very light gray emission; 
the brown fume apparently disappeared. 
In one worst condition, the cyclone 
effluent was a light tan color. Some 
electric precipitator studies on a 400- 
cfm portion of gases showed the ex- 


pected high efficiency. 
Current Investigations 


The importance of the Bessemer 
converter in the melting of special 
types of steel and a recognition of the 
desirability of finding means for fume 
control has led to the sponsorship by the 
American Iron and Steel Institute of a 
program at Battelle Memorial In- 
stitute. This project, just getting 
under way at the time of this writing, 
will seek by studies on a laboratory 
model of a Bessemer converter to 
determine the cause of fume forma- 
tion and, hopefully, means for its 
prevention. 


German Research 


The American steel industry in addi- 
tion to its own investigations has been 
following with keen interest experi- 
mental developments in Germany where 
the Bessemer converter plays an even 
more vital role in the refining of pig 
iron to steel than in this country. 
Because of this fact and also because 
the increased use of oxygen to accelerate 
the refining process results in even 
denser clouds of brown fume, the 
German industry has in recent years 
conducted some experimental work 
toward the suppression and removal of 
particulate matter. 

In some German plants the converter 
flue gases are discharged into a chimney 
of very large cross-sectional area and 
of varying height (an arrangement 
instituted in World War II for pro- 
tection for aircraft). This has facil- 
itated certain experimental observa- 
tions on dust collection. 

Data on experiments reported by 
Dehne* supplement usefully informa- 
tion available from American practice. 
Ee reports on experiments on a 30- 
ton converter. Dust measurements 
indicated an average emission of solids 
of 132 lb/min or 1320 Ib/melt is indi- 
cated. These weight figures include 
all very coarse material, a measured 
proportion of which would settle out 
rapidly on the premises immediately 
surrounding the installation. This is 
illustrated by the particle size data re- 
ported by Dehne whereby it is shown 
that about three-fourths of the par- 
ticulate matter by weight is larger 
than 100 microns. 


These facts regarding particle size 
are related to an installation described 
by Dehne known as the Bamag chimney 
which consists of water cooled steel 
plate chimney walls, rounded cross 
section, with cyclone dust collectors 
disposed around the periphery at the 
top. This dust collection arrange- 
ment was reported to remove 500 Ib of 
dust per melt which in relation to the 
total dust quantity, 1320 lb/melt, 
indicates a_ collection efficiency of 
42%. 

Further along these lines he reports 
on the results of experiments in which 
well atomized water was sprayed into 
the chimney space and was found to 
remove up to 1540 lb of dust per melt 
with a water consumption rate of 800 
to 1000 gpm. The physical conditions, 
however, accompanying such use of 
water, e.g., escape of a mud spray and 
accumulations of water at the base of 
the chimney and at points close to the 
converter mouth, were found to be 
intolerable. 

The results are interesting in the 
indication that on a weight basis col- 
lection efficiencies approached 100 %. 
At the same time the visual impression 
of particulate removal which pertains to 
the very fine particulate matter was 
not significantly improved. In this con- 
nection Dehne offers some observations 
of fundamental importance in relation to 
this problem, as follows: 

“Therefore one’s visual impression 
of the smoke cloud which is still strik- 
ingly brown even at lowest dust con- 
centrations by weight is not an abso- 
lutely perfect scale for measuring the 
efficiency of dust removal. But if the 
acceptability of the smoke emission is 
to be judged by its color, then it must 
be cleaned to at least 0.035 gr/ft*. 
Such a criterion...eliminates from 
consideration all those dust-removing 
processes feasible from a cost stand- 
point but whose limits of efficiency 
would result in outlet concentrations 
far above the said figure.” 

Certainly it can be observed as a 
comment on these observations that 
there can be serious question as to the 
necessity for removal of all of the almost 
weightless fine particulate matter. 

Dehne cites other experimental work 
involving use of water scrubbing, some 
of which were “more or less satis- 


_ factory but no complete success was 
achieved.’ 


He shows in some detail an arrange- 
ment in which the greatest success was 
realized, in terms of coarse dust removal, 
involving the use of a short conical 
flue inside which water was atomized, 
the assembly being anchored to the 
converter with an open space between 
the converter mouth and entrance to 
the cones of about 13 ft. In this 
arrangement the high velocity gases 


issuing from the mouth of the con- 
verter caused the gases and their load 
of particulate matter to pass right 
through the cone and water spray. 
This arrangement in combination with 
supplementary water sprays down- 
stream from the cone unit and with mist 
eliminators, resulted in a dust collection 
efficiency superior to the Bamag- 
chimney cyclone combination and had 
the advantage of lower cost. 

Various other experimental studies 
were conducted on a pilot scale (7000 
efm) involving several other types of 
scrubbers, cloth filters, packed towers, 
and injection of steam into the issuing 
stream of gases. Their experiments also 
included exploration of audible sound 
energy in an 1800-cfm pilot plant. 
They were able to coagulate the fumes 
but the floes disintegrated in passage 
through a cyclone and were not effec- 
tively caught. 

Electrical precipitation was also the 
subject of trial on a pilot scale (7000 
cfm) and the results even on a visual 
basis were appraised as satisfactory. 
However, he observes that while this 
apparatus performed well, it has not 
received as serious attention ‘‘because 
one could not get accustomed to the 
idea of having to build an electrostatic 
filter or precipitator of the size of the 
steel mill bay.”” This concern is entirely 
understandable from an inspection of 
the drawing illustrating the size of the 
gas-cleaning unit that would be required 
in comparison with the size of the 
converter itself. 

In all their experiments, the efficiency 
of fine particulate removal was seriously 
reduced during the final blowing period 
following decarburizing, which is that 
period when phosphorus is removed— 
i.e., dephosphorizing. This smelting 
stage is a characteristic of European 
practice due to the high phosphorus 
content of their ores. It is not charac- 
teristic of American practice. For this 
stage of operations they devoted experi- 
mental effort to noting the effect of 
adding steam to the blast (22 lb of 
water per ton of pig iron). This resulted 
in a white waste-gas streamer, elim- 
inating the dark-brown smoke clouds 
otherwise present. In addition to this 
advantage it was noted that clouds of 
smoke were no longer blown into the 
plant shed when the converter was 
tilted, a feature which is lacking in all 
dust-removing methods. The dis- 
advantage was in the reduction of 
melting capacity—two tons per melt— 
i.e., from 30 tons to 28 tons or a six 
percent reduction. 

Tn his final discussion pertaining to 
problems incident to the application of 
the ‘electric precipitator which from a 
visual standpoint alone was superior to 
all methods, Dehne considers those 


aspects dealing with dilution of con- 
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verter gases with air induced into the 
base of the chimney enclosure in relation 
to gas temperature. It would be 
absolutely essential to eliminate major 
infiltration of dilution air as occurs in 
their present installations and to cool 
the gases by other means. As to the 
latter he lays great stress on a waste 
heat boiler and concludes that it may 
then be possible to reduce the volume 
of gas flowing to the precipitator to a 
value of 212,000 cfm. This is the 
figure on which the dimensions of the 
enormous installation shown in a 
drawing accompanying his paper are 
based. He notes also in this connection 
that means would have to be provided 
for coarse dust removal as, for example, 
by the Bamag round chimney, and 
that the chimney walls must be pro- 
tected by cooling means discussed in 
his article. 


Role of the Bessemer Converter 
in Steel-Making 


Although use of the Bessemer con- 
verter has steadily declined relative to 
the open hearth furnace during the 
first half of the present century, it 
continues to serve an important role, 
partly for the special quality of steel it 
can produce and partly for economic 
reasons peculiar to particular plants. 
Some of the economic considerations 
are explained in the following :* 

“The early use of converter steel in 
this country involved a considerable 
quantity of rail steel, and for many 
years this process was the principal 
method used for the production of 
steel... The rated converter capacity 
of the nation is approximately 12,000,- 
000 tons of steel (1950) with a con- 
siderably greater potential capacity. 
Over half of this capacity represents 
blown metal for use in the open hearth 
or duplex process and the remainder 
Bessemer ingots. Although most of 
the steel in this country is manufactured 
by the open-hearth process, during the 
past few years many new converters 
have been installed and _ extensive 
experimental work on converter steel 
is in progress. The inherent advantages 
of the process involve economic con- 
siderations in times of peace and 
national security in times of war... . 

“The cost of building a Bessemer 
plant is appreciably less compared 
with an open-hearth plant of equiv- 
alent capacity and the difference in 
cost depends, to some extent, upon the 
size of individual units. However, 
in the operation of a Bessemer plant, 
greater blast-furnace capacity is re- 
quired as only a small amount of scrap 
is used in the process. Therefore, the 
investment in blast-furnace facilities 
for a Bessemer plant would be greater 
compared to an open-hearth plant and 
must be considered as part of the 
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investment costs. This probably was 
a factor which, to some extent, was 
responsible for the shift from Bessemer 
to open-hearth production during the 
years between about 1910 and 1948. 


“With proper facilities in an inte-. 


grated plant, consisting of Bessemer 
converters. and tilting -or stationary 
open-hearth furnaces, the cost of pro- 
ducing Bessemer ingots over a period of 
years should be less than open-hearth 
ingots. When a shortage of scrap 
exists and the price is high, Bessemer 
facilities not only have an economic 
advantage, but are in a better position 
to meet market demands for steel prod- 
ucts. This latter feature is of con- 
siderable importance in time of a 
national emergency . . 

“The ratio of Bessemer to open-hearth 
production is influenced by the ayail- 
ability of steel scrap. The Bessemer 
process uses about 10% scrap. The 
duplex open-hearth process utilizes 
very little scrap while the stationary 
open-hearth process ordinarily employs 
35% to 60%. Although the quantity 
of scrap used in the Bessemer process is 
small, this quantity may be increased 
appreciably in the future to approxi- 
mately 25% by oxygen-enrichment of 
the blast. Further, the use of scrap in 
the blast furnace may be considered in 
the Bessemer situation. 

“The Bessemer process is more than 
self-sufficient in scrap. The crop ends 
in the blooming mill alone produce about 
15%, and additional scrap is produced 
in further processing of the material. 
The stationary open-hearth process 
produces a similar amount of scrap, 
but constantly uses more than it pro- 
duces. The deficit is supplied by 
scrap originating from the Bessemer 
process and from sources outside the 
plant. 

“The Bessemer process has certain 
economic advantages when scrap is 
scarce and costly, but there are periods 
in our economy when scrap is plentiful 
and cheap. Therefore, the economic 
pressure which exists over a period of 
years will be a controlling factor which 
influences the Bessemer steelmaking 
capacity of the nation .... 

“... Present trends in the use of 
oxygen and compressed air in the bath 
of open-hearth furnaces indicate clearly 
the future possibilities of a more wide- 
spread use of the basic principles of the 
pneumatic converter process.” 


Top-Blown Oxygen Converters 


A smelting process that is superficially 
similar to the Bessemer converter is the 
top-blown oxygen converter or the 
basic oxygen furnace; it is also ‘known 
by the term Linz-Donawitz, the latter 
deriving from the names of two Austrian 
towns where the early development 
work occurred. 


The converter vessel in this process 
is similar to a Bessemer converter 
although considerably larger than most 
of them. A principal difference is in 
the means for the supply of oxygen to 
the molten metal. Instead of bubbling 
air under pressure upward through the 
bath, a stream of oxygen is supplied 
through a water-cooled pipe extending 
from an overhead position downward 
into the converter, the end being 
positioned at some distance above the 
surface of the bath. The high velocity 
of the oxygen results in impingement 
on the liquid metal surface which results 
in violet agitation and intimate mixing 
of the oxygen with the molten pig iron. 
Rapid oxidation of the dissolved carbon 
and silicon (and also of some of the 
iron) ensues. 


Results of O, Concentration 


The high concentration of oxygen 
results in the evolution of iron oxide 
fumes in considerably greater quantities 
than from the bottom-blown Bessemer 
converter and in a_ correspondingly 
more objectionable emission. 

This problem was recognized in the 
initial consideration by American steel 
manufacturers who first considered 
adoption of the process and equipment 
for fume control was always a prime 
consideration in the design of the 
plant. As a result, the three plants 
now in operation on the North American 
continent are all equipped with effective 
dust-suppression equipment. One of 
these employs a Venturi scrubber, 
another one a disintegrator of the 
type that has long been applied to the 
cleaning of blast furnace gases, and the 
most recent one, with a Cottrell 
precipitator. 


Control Problem Big 


The latter installation illustrates the 
magnitude of the fume control problem 
and of the equipment for the purpose. 
A huge water-jacketed steel hood 
mounted above the mouth of the con- 
verter when in its normal vertical 
operating position, receives the fume- 
laden gases from the converter and 
also a much greater volume of room air 
drawn in to effect dilution of the hot 
gases. The stream totalling 250,000 
cfm passes from the hood into a large 
settling chamber where large volumes of 
water are sprayed into it to effect 
cooling and also incidental removal of 
some of the particulate matter. The 
gases then pass through a flue to the 
Cottrell electric :precipitator which re- 
moves the solids at a rate of more than 
one ton per hour at efficiencies of over 
98%. 

The dust collection system which in 
its physical dimensions dwarfs that of 
the converter proper: represent more 
than 10% of the total plant invest- 
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Sintering machines are those devices 
designed to convert fine iron ore, dust, 
and the like into lump form more suit- 
able for charging into blast furnaces, 
by burning a mixture of this material 
with finely divided coke as air for 
combustion is drawn through a flat 
porous bed of the mixture. The result- 
ing high temperatures induce a condi- 
tion of incipient infusion of the iron ore 
particles comprising the bed and results 
in formation of a firm porous mass. 

The bed is formed on a slow-moving 
grate composed of receptacle elements 
having perforated bottoms, known as 
pallets. The assembly of such pallets 
end to end in a hinged or linking ar- 
rangement comprises an endless metal 
belt with large sprockets at either 
end. 

Just after the charge has been placed 
to form the bed, the coke in the mixture 
is ignited by the play of flames on the 
surface and a movement of air induced 
downward through the porous bed under 
the influence of the sintering machine 
exhaust fans connected to enclosures 
(wind boxes) underneath the top section 
of the endless linked pallet assembly. 
Thus combustion is maintained in a 
layer which slowly progresses downward 
and is completed before any given por- 
tion of the bed arrives at the end of the 
machine. At the end of the travel, 
the red hot sintered mass breaks off 
as the pallet elements turn downward 
around the tail sprocket. The hot 
mass of sinter is then passed to a cooler 
in which its temperature is reduced as 
cool air is drawn through it, frequently 
supplemented by water sprays. 

There are two principal sources of 
dust in the operation of this process. 
One is in the combustion flue gases 
which contain some dust that has 
been mechanically entrained from the 
bed itself due to passage of air through 
the bed of material; it may also con- 
tain some fume due to volatilization of 
some of the constituents of the iron ore 
or dust in the mixture. 

The quantity of solids in flue gases 
varies with type of ore and sintering 
machine design characteristics; the 
median is probably of the same order of 


magnitude as that issuing from a single . 


open hearth furnace of average capacity. 
In the older plants no flue gas cleaning 
equipment was customarily included but 
all of the more recently constructed 
units are equipped with either me- 
chanical dust collectors, scrubbers, or 
electrical precipitators. 

The dust incident to crushing and 
screening operations of the resulting 
sinter is comparable to that resulting 
from any such operations characteristic 
of numerous other industries, e.g., 


Section V—Sintering plants 


rock crushing, although the quantity of 


dust is a small fraction of that en- 


countered in some of these other indus- 
tries. The crushing and - classifying 
operations in the older plants are 
simple and few, and often not equipped 
with effective dust control systems. 
In the typical case where such plants 
were located well within the boundaries 
of a steel mill, it is probable that the 
resulting dust is more of a nuisance to 
adjoining departments of the steel 
plant than to the surrounding com- 
munity. 

In the newer plants, however, well 
designed exhaust systems in which 
hoods and exhausted enclosures are 
provided around crushing equipment, 
screens, and transfer points in the 
material handling system, are uni- 
versally employed. High efficiency 
cyclones are commonly employed for 
dust removal and are effective in the 
removal of coarse particles which 
might otherwise be responsible for a 
local nuisance. 

The first sintering machine in this 
country was installed in 1911 and such 
machines became increasingly a common 
item of equipment in years following 
although on a small scale in terms of 
later developments. They were pri- 
marily applied to the iron ore dust 
that blew out of blast furnaces into the 
flues and other gas passages. Stockpile 
accumulations of this dust represented 
an increasing nuisance until the sintering 
process was developed which trans- 
formed the material to lump form which 
would be recharged to the blast furnace, 
profitably. 

The role of sintering machines in 
steel plant operations assumed a new 
stature following World War II. This 
was due to the changing character of 
iron ore supplies when, with the 
approaching exhaustion of the high 
grade lumpy ores of the Messabi ore 
deposits, new sources became available 


which had high properties of iron ore 
fines. This circumstance was accom- 
panied by increasing evidence that any 
important reduction in the fines sup- 
plied to blast furnaces not only in- 
creased production but also reduced 
material costs due to decreased require- 
ments for coke and limestone. As a 
result of these developments, sintering 
machines are being installed on a large 
scale in all segments of the steel in- 
dustry. It is reported (Packard) that 
the sintering capacity of the steel 
industry in this country had attained a 
level of 60,000 tons per day at the end of 
1958, a striking increase over the figure 
of 10,000 tons in 1939. 

These economic developments re- 
specting the distribution characteris- 
tics of ore charged to blast furnaces 
practically insure that the older, in- 
efficiently designed sintering plants will 
be replaced by modern ones in coming 
years. This process is already taking 
place at the time of this writing. 

Modern sintering plants have capac- 
ities ranging from 2000 to more than 
6000 tons of sinter per day. The 
dimensions of one of the latter capacity 
are interesting. Having a bed width of 
12 ft, it extends to a length of about 150 
ft. Exhaust fans draw air through the 
bed of such a unit at a rate of more than 
500,000 cfm measured at temperatures 
of 350°F. This is the flue gas volume 
which is subject to gas cleaning for 
removal of dust or fume. 

The exhaust system for control of 
dust incident to crushing and screening 
of the finished sinter involves air flows 
in the vicinity of 150,000 cfm. 

The fact that all new sintering plants 
are being provided with equipment for 
control of air pollution in combination 
with that respecting the high rate of 
obsolescence of the older ones con- 
stitutes firm assurance that this type of 
equipment is quite unlikely to be a 
source of future dissatisfaction. 


Section Vi—Electric Furnaces 


The electric arc furnace for the 
making of steel, first employed in this 
country in 1906, has undergone marked 
development during the past 20 years. 
In 1935 it accounted for 1.38% of 
the total steel-making capacity of 
ingot-producing plants in the country 
and by 1954 the proportion had in- 
creased to 8.4%. The remaining 
capacity is accounted for in that 
of open hearth furnaces and Bessemer 
converters. The use of electric furnaces 
in steel foundries has also developed at 
a rapid rate during the same period, 
but the present discussion is largely 


confined to the integrated steel plants 
having also open hearth furnaces or 
pneumatic converters or both. 


Role of Electric Furnaces 


The function of electric furnaces is 
in general much more specialized than 
that of open hearth furnaces and 
pneumatic converters, in that they are 
especially adapted to and are pri 
marily used for the production of special 
alloy steels. 

the electric-furnace products 
represent practically all of the stainless, 
constructional alloy, tool, and special 
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alloy steels used in the chemical, 
automotive, aviation, machine-tool, 
transportation, food processing, and 
many other important industries. 
While at the present time the electric- 
arc furnace cannot compete with the 
larger open-hearth furnace as to cost 
in the production of the commoner 
grades of steel, yet the electric furnace, 
if operated in a favorable scrap-pro- 
ducing area with favorable power 
rates, in many cases can produce 
ordinary carbon steels at costs com- 
parable, and sometimes less than, open 
hearth costs.’’” 

The furnaces in operation today for 
the manufacture of steel consist essen- 
tially of refractory-lined cylindrical 
vessels through the roof of which large 
carbon electrodes pass downward into 
the charge. The three electrodes 
supplying current at rates as high as 
10,000 to 20,000 amperes generate 
great quantities of heat as the current 
ares from one electrode to the bath, 
passes through the bath and ares to 
one of the other electrodes. Since 
World War II many electric furnaces 
having a capacity of 10 tons of steel 
and with shells 20 ft in diameter 
have been placed in operation. Within 
the past few years, furnaces of 200 tons 
capacity with shells approaching 30 ft in 
diameter have been installed. 

Electric furnaces are completely 
housed in mill buildings and therefore, 
unlike open hearth and Bessemer 
converter installations, the passer-by 
does not see the equipment or evi- 
dence of its operation other than in the 
appearance of brownish smoke issuing 
into the open atmosphere through roof 
ventilators of the buildings housing 
them. 


Fume and Dust Emissions 


The high temperature inside the 
furnace created a natural draft which 
induces a flow of air inward through 
spaces around charging doors and out- 
ward through the annular spaces in the 
roof surrounding the three electrodes, 
carrying with it variable quantities of 
fume and dust which are discharged 
into the.atmosphere of the mill building 
housing the furnace. It escapes sub- 
sequently to the open atmosphere 
through openings provided by the roof 
ventilators. 

During the melt-down stage, oxidizing 
conditions prevail and reactions occur 
that are similar to those in the bath 
of the basic open hearth furnace Al- 
though the differing characteristics of 
the two processes indicate differences in 
the mechanism of fume generation they 
are not altogether dissimilar. Heat is 
applied to the charge in the electric 
furnace at a much higher rate per 
unit area of surface and therefore 
conditions are favorable for oxidation 
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and volatilization of metal. A similar 
condition prevails in the open hearth 
process although the dimensions re- 
specting heat transfer and contact with 
oxygen are altogether different. In 
both processes a so-called boil occurs 
from escape ef carbon monoxide result- 
ing from reactions between carbon and 
iron oxide. Oxygen gas introduced to 
the bath through a pipe or lance is 
applicable to the electric furnace process 
as well as to the open hearth and the 
resulting metal oxide fumes, of course, 
have the same origin. 

The quantity of escaping dust and 
fume has been variously estimated 
to range from five to 30 pounds per 
ton of steel melted, depending on size 
of furnace, and the character of scrap 
as to its content of fine dirt. 

The magnitude of the resulting dust 
and fume emissions inside the mill 
building, especially to cranemen, is 
therefore roughly proportional to the 
size and number of the furnaces. As 
larger and larger furnaces have been 


developed and more of them installed © 


in one building, the emissions have 
become intensified not only inside the 
building but in the immediate neigh- 
borhood, and extensive engineering 
efforts have been applied to the control 
of such fume during the past several 
years. 


The Fume Control Problem 


The characteristic distinguishing this 
problem of dust and fume control from 
other metallurgical furnaces has to do 
mainly with the development of means 
for channeling the stream of dust- 
and fume-laden gases through a flue 
leading to gas cleaning equipment 
without interference with proper func- 
tion of the furnace. In this respect the 
problem is roughly analogous to that 
of the Bessemer furnace in that capture 
and transport of the fume-laden gas and 
air stream is the primary problem; 
after that point, treatment for removal 
of particulate matter in more or less 
conventional kinds of equipment can be 
considered. 


Furnace Hoods 


The first devices for fume control 
that were quite successfully applied to 
the small acid-lined furnaces of the 
steel casting industry consisted in steel 
enclosures mounted on the furnace 
roof which were connected to exhaust 
systems through suitably designed flex- 
ible linkages, e.g., swivel elbows, tele- 
scoping joints, and the like. An opening 
is provided in the central portion of the 
exhaust enclosure for free passage of 
the electrodes, and sections overhang- 
ing the roof above charging doors serve 
to withdraw fume-laden leakage air 
from those locations into the exhausted 
enclosures. For mechanical reasons, 
the application of such a method for 


exhausting electric furnace fumes has 
been limited to furnaces of smaller 
sizes, 

Interior Exhaust 

In a move toward simplification of 
the mechanics of fume exhaust, some 
installations have been made in recent 
years whereby fume is withdrawn 
directly from the interior of the fur- 
nace through a hole in the roof while 
carefully controlling the rate of exhaust 
in relation to the internal negative 
pressure so as not to chill the interior 
of the furnace and its charge and to 
avoid exposing the steel to excessively 
oxidizing conditions. 

This system can effect control of the 
fume emission at rates of air and gas 
exhaust much lower than in the roof top 
hood system previously mentioned al- 
though the gas temperatures issuing 
from the furnace are very much higher 
(2000-2500°F); this necessitates re- 
fractory-lined flues to the point where 
such gases enter the gas cooling unit. 


Limitations of Direct Exhaust Method 

The principal limitations of this sys- 
tem are related to metallurgical con- 
siderations. One of the particular 
advantages of electric furnaces in the 
refining of alloy steels is in the facility 
with which the oxidizing or reducing 
character of the slag can be controlled, 
and in the reducing furnace atmosphere 
that results from the non-oxidizing 
character of the electric heat source. 
Because of this circumstance high 
proportions of oxidizable metal ele- 
ments in the making of high alloy steels 
can be melted with a minimum of loss 
from oxidation. 

It has been felt in the industry that a 
system which controls escape of furnace 
fumes by inducing a How of air into 
the furnace interior would make it 
difficult or impossible to maintain the 
essential reducing character of the 
slag in the later stages of two-slag 
(oxidizing and refining) process em- 
ployed in the making of high alloy steel. 

Recognizing that this opinion is 
based on inference rather than on 
actual experience, an experimental study 
was launched in 1958 by the Sub- 
committee on Electric Furnaces of 
Allegheny County, Pa. Their plan 
involves full-scale installation on an 
industrial electric furnace of a “water- 
cooled, hole-through-roof, emissions off- 
take which will be connected to a 
cooling system, fan, and stack. The 
purpose of the experiment is to deter- 
mine what effect negative furnace 
pressure will have on the melting 
of certain alloy and stainless steels 
which require double slag practice... 
to determine whether its installation 
will interfere with furnace operation 
and production in any way... main- 
tained in the production of alloy and 
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stainless steels where the ‘two-slag’ 
process is employed.’’"! 

It is propable that a definitive 
report on these studies will be issued by 
this group by June, 1959. 

The present status and future pros- 
pects for electric furnace fume control 
is well summarized in the same report: 

@ general conclusion is that 
emission from electric furnaces to the 
atmosphere can be reduced. 

“The problems are not ones for which 
simple solutions can be found. This 
applies especially to installations al- 
ready made where buildings and fur- 
naces were installed without planning 
emission control, and where vertical 
and horizontal space may not allow a 
practical installation of control equip- 


ment. 

‘Also, it will apparently be necessary 
to study each furnace or furnace group 
separately when considering an instal- 
lation, since there will be different 
charges to and products from each one, 
different methods of fluxing, lancing, 
and operating . 

“Obviously the economics of each 
installation needs careful study, from 
the viewpoint of investment, operation, 
and repair of the control system, as well 
as to how its operation affects output 
and quality of product from the furnace. 
In some installations, an economic 
study may necessarily consider whether 
to abandon the present furnaces and 
build new ones on which controls may 
be more advantageously placed.” 


Section Vil—Miscellaneous Processes 


Besides the dust, smoke, and fume 
control problems treated in the earlier 
sections of this report, there are a 
number of miscellaneous operations 
which logically should be included in 
such a report as this, although their 
individual significance as sources of air 
pollution is relatively minor in compar- 
ison with some of those discussed 
previously. 


Scarfing Machines 


During the past 40 years, as the 
technology of steel fabrication developed 
requirements for still higher qualities, 
ever increasing attention has been 
devoted in one particular to the condi- 
tioning of semi-finished products. A 
major element in this area involves the 
need for removing surface defects of 
blooms, billets, and slabs prior to 
shaping, as by rolling, into a product 
for the market. Such defects as rolled 
seams, light scabs, checks, etc., terms 
describing imperfections like surface 
fissures, scabs that are inhomogeneous 
with respect to the main body of the 
metal piece, will generally retain their 
identity (although not shape) during 
subsequent forming processes and result 
in products of inferior quality. 

In the earliest days of the develop- 
ment, pneumatic chisels were employed 
to remove such surface defects. About 
25 to 30 years ago the scarfing process 
developed and today represents an 
important operation in the making 
of high grade steel products. It 
consists essentially in supplying streams 
of oxygen as jets to the surface of the 
steel product under treatment while 
maintaining high surface temperatues 
that result in rapid oxidation and local- 
ized melting of a thin layer of the metal. 
Originally the process was a manual 
one consisting in the continuous motion 
of an oxyacetylene torch along the 
length of the piece undergoing treat- 
ment. In recent years the so-called hot 


scarfing machine has come into wide 
use. This is a production machine 


_ adapted to remove a thin layer (!/s-in. 


thick or less) of metal from all four sides 
of red hot steel billets, blooms, or slabs 
as they travel through the machine in 
a manner analogous to the motion 
through rolling mills. 

The process results in simultaneous 
generation of quantities of both dust 
and fume of such magnitude as to be 
quite intolerable inside the mill building. 
Such installations therefore are equipped 
with exhaust systems designed to 
remove this material at its source and 
to deliver the contaminated air stream 
to a dust collector before discharge to 
the atmosphere. 

The exhaust system design is conven- 
tionally based upon the exhausting of 
750 to 1500 cfm of air per scarfing nozzle 
and for machines now in common use, 
this results in exhaust systems ranging 
from 20,000 to 100,000 cfm. 

The scarfing process involves the 
use of water jets adjacent to the oxy- 
acetylene torches and the steam to be 
generated is drawn off along with the 
fume and dust. 

The scarfing process will typically 
remove two to three percent of the 
total metal but most of this material is 
in the form of coarse particles not fine 
enough to be categorized as dust. 
The fine material entrained in the air 
stream of the exhaust system will 


. amount to approximately 36 grains per 


pound of metal removed and in typically 
heavy duty scarfing operations, this 
may amount to 50 to 75 lb of solids per 
hour 


The bulk of the particulate matter on 
a weight basis is represented by the 
non-fume fraction and various types of 
wet scrubbers as well as electrical 
precipitators have been successfully 
applied to the efficient removal of the 
entrained dust, although a visible 
plume due to the escape of very fine 


particulate matter will be noticeable as 
an emission from the stack. This 
material, however, represents only a 
few pounds per hour and has little or 
no tendency to settle out of the at- 


mosphere and thus to contribute to. 


dustfall nuisance. 


Heating and Reheating Furnaces 

The emission of smoke due to in- 
efficient combustion of fuel (blast 
furnace gas, coke oven gas, natural gas, 
fuel oil and pitch, or tar from the coke 
oven by-product plant) represents an- 
other area of potential air pollution, 
although of diminishing significance. 
There are numerous operations through- 
out the steel plant involving the heating 
and re-heating of ingots, blooms, and 
billets in connection with the operation 
of the rolling mills and other finishing 
processes. 

In the earlier days of the industry 
when the technology of furnace design 
was less well understood, there were 
frequent instances of smoking chimneys 
due to lack of automatic fuel-air ratio 
controls and to insufficient combustion 
space with the result that the fuel gases 
were incompletely consumed before 
coming in contact with the relatively 
cold steel, and black smoke resulted. 
With the almost universal use of instru- 
ments and automatic combustion con- 
trols, modern furnace designs avoid this 
error and one rarely sees the emission 
of black smoke from them. Some of the 
older heating and re-heating furnaces of 
poor design are still in operation but are 
rapidly becoming obsolete and being 
replaced with modern units, and it 
ean therefore be concluded that such 
few smoking chimneys as remain in the 
steel industry will disappear before 
long. 
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An OBJECTIVE METHOD for Site EVALUATION” 


The primary factors in a realistic 
evaluation of a site are ones not directly 
related to air pollution. These can be 
broadly classified as economic, adminis- 
trative, and political. Once these fac- 
tors have been considered and a pro- 

site (and at times sites) is accept- 
able, then the technical problems re- 
lated to air pollution are brought under 
consideration. The problem considered 
in this paper is the development of an 
objective rating system based on a 
mathematical model that only con- 
siders the important technical aspects. 
Actually if the nontechnical problems 
could be expressed mathematically, the 
entire problem would be treated objec- 
tively, because since the advent of high- 
speed computers, mathematical models 
can be solved that will treat the entire 
problem as a whole rather than consid- 
ering each factor separately and then 
having a subjective decision made as is 
done at present. 


Technical Problems Related 
to Air Pollution 


The first factor that must be con- 
sidered is the distribution of pollution at 
the site. Once the pollutant of interest 
is established, basic output estimates 
can be made either theoretically or ex- 
perimentally to predict the amount of 
pollutant that will reach the atmosphere 
from a plant. Then the meteorologist 
computes the concentration for all neces- 
sary points in space by means of appro- 
priate diffusion equations for the area 
and for the particular source in question. 
These results may be modified by the 
aerodynamics of the system. This effect 
can either be natural, such as terrain 
configurations, or man-made, such as 
the effect of the plant itself or other 
obstructions on the distribution of the 
pollutant. At times, the aerodynamics 
of the system can be checked in a wind 
tunnel when the scale is appropriate. 
If not, further verification must be 
derived from experimental evidence. 
The measurement of concentration in 
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the field may be, if desired, the final 
evidence describing the distribution of 
the pollutant. 

The distribution of the receptors 
sensitive to the pollutant must be ob- 
tained. The word receptor is used be- 
cause in many pollution problems the 
effect may be on an inanimate object. 
The distribution can be obtained di- 
rectly by means of a census or survey of 
the actual distribution of receptors 
around the site, or indirectly by means 
of statistical correlation. For example, 
the number of people in an area can be 
predicted to a high degree of precision 
by counting the number of electrical 
meters. 

The final technical problem to be con- 
sidered is the reaction of the receptors 
to the pollutant. This again can be 
done in a laboratory such as was recently 
done on the effect of eye irritation as a 
function of irradiation intensity.! How- 
ever, under certain circumstances where 
it is not feasible to perform a laboratory 
experiment on the receptor, it is possible 
from previous experience to formulate 
quite accurately the theoretical reaction 
of the receptor to the pollutant. 


Treatment of Data 


All the technical aspects mentioned 
in the previous section can usually be 
calculated to an acceptable degree of 
accuracy. The distribution of pollution 
by means of the diffusion equations can 
be predicted to several parts per million 
and accurately verified with instrumen- 
tation of equivalent precision. Sim- 
ilarly, the distribution of the receptors 
can be predicted, and in most cases, the 
reaction of the receptors to the pollutant 
can be specified to a higher degree of 
precision than needed. However, in a 
practical problem, there is no attempt 
to combine these three important fac- 
tors quantitatively. Normally they are 
treated separately and are only consid- 
ered together on an extremely qualita- 
tive basis. In a typical case, manage- 
ment is likely to decide, quite subjec- 
tively, that one site is better or worse 
than another because, “Concentrations 
at plant A will reach 2 ppm more. often 
than at plant B, and there are more 
sensitive areas at the A site, etc.” An 
attempt is made, in this paper, to for- 


Upton, Long Island, New York 


mulate a hypothesis that can be used as 
a starting point in combining the fac- 
tors of importance relating to an air 
pollution problem and to develop a 
rating number that will enable adminis- 
tration to decide objectively upon the 
relative merits of sites. Similarly, this 
model, as will be shown, could be used 
as a basis for zoning regulations. 


Hypothesis 

Rating of a site is equal to the sum of 
the receptors being affected multiplied 
by a function relating both concentration 
and its effects. 

In effect, this hypothesis implies that 
a rating must consider not only the few 
receptors receiving a large concentra- 
tion, but also the larger number of 
receptors receiving a smaller concen- 
tration. The latter case may be as im- 
portant and is normally neglected, as 
most zoning or tolerance limitations 
are “... below a given maximum value 
x’’ and not inclusive of receptors. 

Mathematically, this model is ap- 
proximated by the following equation: 


(1) 
where 


R = rating (the higher the num- 
ber, the more unfavorable 
is the site for a given pol- 
lutant) 

h(C) = receptor response function 

N(C) = number of receptors being 
affected by a concentra- 
tion C 


This hypothesis, which is an extremely 
simple model, accounts for the three 
technical aspects of air pollution and 
indicates the true complexity of the 
problem as the integral parts of the 
equation are derived. 


Evaluation of N(C) 


The number of receptors being af- 
fected by a concentration C is obtained 
by combining the functions describing 
the variation of concentration and/or 
deposition in space with the distribution 
of receptors around the site. 

The distribution of concentration in 
space from a continuous point source at 
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the ground can be described by means of 
Sutton’s* equation: 


C(z, y, 2) = x 
(2) 


where 


C = concentration, gm/m* 
Q = output rate, gm/sec 
C, = horizontal diffusion parameter, 


C, = vertical diffusion parameter, 
m”/ 2 


distance downwind, m 
distance crosswind, m 

distance vertically, m 

index of turbulence, dimen- 
sionless 

mean wind speed, m/sec 


Since we are interested in ground level 
concentrations, we let z = 0 and equa- 
tion 2 can be rearranged as: 


or: 


The furthest distance at which a par- 
ticular concentration crosses the center- 
line is of practical importance and is ob- 
tained from the following equation: 


2Q 
© 


where Xp = maximum distance at 
which a particular concentration is 
found. 

Thus equation (4) simplifies to: 


y = [in (6) 


A generalized expression for the dis- 
tribution of receptors within the field 
of interest around a site is assumed to 
be: 


= az? = dN/dxdy (7) 


“ = population density 

a,y = constants to be determined 
experimentally from the 
statistical data around site 

N = number of receptors 


Therefore, the number of receptors in . 


an area drdy can be written as 
aN = ax’ drdy (8) 


and assumed symmetry about the y 
axis: 


aN = 2yaxr%dx (9) 


Substituting y from equation (6) into 
(9) and solving the integral will allow 
us to obtain the number of people 


within the area bounded by a particular 
concentration: 


aN(C) = — (n/2) 
(2) oo 
Integrating: 
N(C) = 2aC, +1- (9/2) y 


[my an 
x 
Letting s = Xp p simplifies this equa- 
tion to: 


2Q y + 2 — (n/2) 


1 1\2-" 
(12) 
Finally, we let 


p = e~‘and by means of a Gamma func- 
tion, obtain the final form of the number 
of receptors being affected by concen- 
tration C 


V2 — nly + 2 — (13) 
which has the form: 


8 
N(C) =F (13A) 
Evaluation of h(C) 


The receptor response function, h(C) 
is obtained from a plot of effect versus 


qualitative manner. Actually h(C) can 
easily be approximated to the same order 
of accuracy as N(C). By means of 
theoretical or experimental evidence, a 
plot of response (complaints, damage, 
irritation, legai action, etc.) versus con- 
centration (dose, degree of pollution, 
etc.) can be made and the function de- 
seribing this curve is h(C). 

This function can have a variety of 
forms, some of which are plotted in Fig. 

In Fig. ia the response is linear—as 
the concentration increases so does the 
response. 

In Fig. 1b—a single step function— 
this reaction is a yes or no affair— 
there is no effect until a certain concen- 
tration, and then every receptor is af- 
fected. 

Fig. lc—a step function with a linear 
trend in between— is a combination of 
a and b. 

Fig. 1d—a multiple step function— 
where the response increases in finite 
levels of the concentration. 

All these simple functions can be 
used to describe h(C) and then com- 
bined with N(C) to obtain a rating of a 
site. However, to have h(C) as gen- 
eral as possible and still retain the proper 
form describing most of the physical 
process involved, it is assumed that the 
receptor response function is of a log 
normal form, Fig. 2. 

thus: 


logc 1 


(t — log B)*/20?X 


= 


concentration. This function, if con- & Me 
sidered at all, is usually treatedinavery or by letting C = e‘ 

100+ +100 

50- 450 
425 
= (a) (b) 
=. 
z 
100 4100 

75 

50 450 

25 42 

(c) (d) 
25 50 75 ~—400 


'. PER CENT OF RECEPTORS AFFECTED 
Fig. 1. Various receptor response functions. 
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Fig. 2. Log normal response function. 


| 
h(C) =f, (log C — log B)?/20?X 


dC 
(14a) 

This function has a great degree of 
flexibility. With the appropriate values 
of B and a, equation 14 can be used to 
fit all the curves shown in Fig. 1. Also, 
it is in agreement with many human- 
response functions. 


Evaluation of R 


The rating of a site, R, is computed 
by combining the receptor response 
function, equation (14), with the num- 
ber of receptors being affected, equa- 
tion (13), according to the hypothesis 
stated by equation (1). Namely: 


Integrating by parts 
R= —(h(C)N(C)) + 
1s) 
The first part of this equation goes to 
zero because N(C) — 0 at 0 (no recep- 
tors at the source) and n(C) > 0 at © 
(no effect at an infinite distance from 
source). 
Therefore 
R= N@ (16a) 
Substituting (13a) and (14a) into 
this equation and letting 
e' = Cande’=B 


e~ dt (16) 


R = FAbe— + — Bo*)?/202X 


| 
—— — (6 — 2/20? 
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The integral is equal to unity by sta- 
tistical theory. Therefore, the final 
equation for the rating of a site is: 


_ 2 —n 


(y+ 2 = 
A\é 
(5) 


where 


_2Q 
y + 2 — (n/2) 
2-—n 


Equation (18) appears to be compli- 
cated. Actually the rating of a site 
can easily be evaluated as is shown in 
the following section. 


Sample Calculation 


This paper was conceived from the 
work done in WASH 740? in which a 
study was made on the possible conse- 
quences in terms of injury to persons 
and damage to property if a hypotheti- 
cal major accident should occur in a 
typical large nuclear power reactor. 
This study is still of current interest. 
Therefore, the example used will be the 
same as presented there. Let us con- 
sider a large nuclear power plant (500 
MW) approximately 30 miles from a 
large city. What would its rating be in 
terms of a hypothetical accident from a 
hazard-to-people point of view? 

Let us assume that this theoretical 
accident occurred and the highly im- 
probable amount of 50% of the entire 
fission product inventory was released 
during typical daytime conditions. The 
input parameters are: 


Q = 2 X 10° curies 
n = 0.25 

Cy = 0.40 m"/2 

C, = 0.40 m"/2 

u = 5 m/sec 


The distribution of people within a 
circle around the site based on data ob- 
tained from five existing sites is given by 


N = 200R?-% (R in miles) 
Thus, 
a = 5.4 X 1075 and 7 = 0.83 


The constants obtained by fitting a 
log-normal function to the assumed 
human-dose response curve are: 


B=173 and = 0.473 


Substituting all these values into the 
equation yields 
R = 2.8 X 10¢ 


If the release took place at night, the 
only values that would change are ones 
reflecting an inversion condition: 


=-0:55 


C, = 0.05 m*/? 
u = 3.0 m/sec 


The rating of the site would reflect 
this situation as the number increases to 


R = 4.62 X 10’ 


Similarly, the rating can be computed 
for different sites with their appropriate 
population distribution for comparative 
purposes. 


Application 


Rating Scales—This rating system is 
an arbitrary one, and before it can di- 
rectly be applied, the scales must be 
calibrated for various pollutants. The 
calibration will be based on experience 
and will reflect the distribution of re- 
ceptors as well as the distribution of 
concentration. 

Response Scales—The response of the 
receptors to the pollutant must be de- 
vised analytically and in an objective 
manner. A functional form of it can 
always be made theoretically or experi- 
mentally. 

Receptor Scales—N (C), the number of 
receptors being affected by a given con- 
centration is the only part of the hy- 
pothesis that can be varied. The two 
previously mentioned scales are fixed 
for a site. However, N(C) can be con- 
controlled by zoning in two ways: 

a Limiting concentration: Concen- 


tration is limited in the existing manner . 
of reducing the output of pollutants from ~ 


sources either by increasing the ef- 


ficiency of the plant (scrubbers, filters,’ 


precipitators, higher stacks, etc.) or by 
limiting the number of plants that are 
able to operate in an area to prevent 
the air from becoming saturated with a 
pollutant. 

b Limiting receptors: The number of 
receptors being affected can be reduced 
by having larger controlled areas or 
plant sites. An extreme case is the 
areas where weapons are tested. There 
«. large pollutant source can be emitted, 
because the area affected has no people. 
Another manner of controlling the re- 
ceptor density around a pollutant source 
is by zoning laws to keep the density low 
around existing sources so that R will 
remain within proper limits. 


Conclusions 


An attempt has been made to combine 
objectively the three technical aspects 
related to site selection from an air pol- 
lution point of view. At present, the 
distribution of pollution, the distribu- 
tion of receptors, and the effect of the 
pollutant on the receptors are con- 
sidered quantitatively on an individual 
basis. They are then thrown into the 
proverbial pot, out of which arises a 
subjective decision. The model formu- 
lated avoids this situation and also sug- 
gests a method of zoning. 


(Continued on page 251) 
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VEGETATION Symptoms as a MEASURE of AIR POLLUTION’ 


HERBERT C. McKEE, Manager, Industrial Pollution and Analytical Research, and 
FREDERICK W. BIEBERDORF, Senior Biologist, Southwest Research Institute, San Antonio, Texas 


Awe year survey of air pollu- 
tion conditions in the Houston, Texas 
area has recently been completed by 
Southwest Research Institute under the 
sponsorship of the Houston Chamber of 
Commerce. The survey was designed 
to provide information on present air 
pollution conditions in the Houston 
area, and on factors which affect air 
pollution. Previous publications de- 
scribe the meteorological work and the 
chemical sampling and analysis which 
was performed.' ? 

A vegetation study was included in 
this survey in order to determine any 
economic loss and to use vegetation 
symptoms as a means of obtaining 
information on air pollution in the Hous- 
ton area. A preliminary examination 
of all types of vegetation revealed cer- 
tain symptoms which could not be 
attributed to drought, insects, fungi, 
or other natural causes. Therefore, 
further work was undertaken which 
pinpointed air pollutants as the causa- 
tive agents and techniques were de- 
veloped to use this information as a 
means of measuring relative pollution 
levels in different sections of Harris 
County, in which Houston is located. 


Preliminary Survey 


In the preliminary survey all species 
of vegetation were inspected including 
trees, shrubs, vegetable gardens, grasses, 
and weeds. With several species, a 
few isolated examples of symptoms due 
to air pollution were found, but were 
too infrequent to be attributed to any 
community-wide or area-wide effect. 
These were evidently due to localized 
situations in particular areas and did 
not warrant further study on an area- 
wide basis. However, with two species 


of trees, the ash and the elm, visible — 


symptoms were found on a large per- 
centage of the trees in the industrial 
district along the Houston ship channel, 
indicating an effect throughout a large 
area. Therefore, the ash and elm trees 
were selected for a more detailed study 
in order to determine the cavse of the 


symptoms and to use the symptoms as a 


* Presented at the 52nd Annual Meeting 
APCA, Hotel Statler, June 21-26, 1959, 
Toe Angeles, Calif. 


means of measuring relative pollution 
in different areas. 

Figures 1 and 2 show typical speci- 
mens of ash and elm leaves collected 
in the areas where the visible symptoms 
were most evident, with normal leaves 
for comparison. 


Cause of Symptoms 


Leaves which showed visible evidence 
of damage were analyzed chemically 
in an attempt to determine the cause of 
the damage. Leaf samples were dried to 
constant weight and extracted with 
three portions of hot water. A small 
amount of nitric acid was then added 
to each sample to prevent the growth of 
bacteria and fungi, and the samples 
were analyzed chemically for sulfite, 
sulfate, chloride, and fluoride. Samples 
which did not contain nitric acid were 
also analyzed for nitrate. 

Sulfite was determined by adding to 
the sample a solution of sodium tetra- 
chloromercurate and a small amount of 
P-rosaniline hydrochloride and _for- 
maldehyde solutions. Under these con- 
ditions, sulfite reacts to form a purple 
color which can be determined spectro- 
photometrically .* 


Sulfate was determined by adding a 


solution of sodium chloride and hydro- 
chloric acid, and a small amount of 
barium chloride. Sulfate was deter- 
mined turbidimetrically as barium sul- 
fate.* 

Chloride analyses were made by 
acidifying the samples with nitric acid 
and adding silver nitrate. Chloride 
was determined turbidimetrically as sil- 
ver chloride.® 

Fluoride was determined by distilla- 
tion of samples from sulfuric acid, 
followed by the usual colorimetric 
method used in water analysis.‘ 

Nitrate was determined colorimetri- 
cally with xylenol reagent.* 

With all determinations a reagent 
blank is required. Since the water ex- 
tracts were colored, 10 ml portions of the 
extract without the necessary reagents 
were used as blanks in the sulfite, sul- 
fate, and chloride determinations. Dis- 
tilled water in an amount equal to the 
volume of reagents used was added to 
the blanks to duplicate the dilution 
effects of the reagent on the color of the 


original extracts. By adding known 
amounts of reagent grade materials to 
the samples, it was determined that 
accurate results could be obtained by 
this procedure and that the color of the 
original leaf extracts did not interfere. 

Since the chemical composition of 
leaf samples was unknown, no con- 
venient reference point was available 
tc determine whether measured con- 
centrations were abnormally high; 
therefore, samples were collected in 
areas far removed from the industrial 
area to use as control samples for com- 
parison. 

In the case of sulfite, chloride, fluo- 
ride, and nitrate analyses, there was no 
consistent pattern in the results ob- 
tained. The amounts measured varied 
from sample to sample among samples 
from the same area, and no one area 
showed significantly higher or lower 
amounts than other areas. This ap- 
peared to eliminate these three com- 
ponents as possible reaction products 
attributable to air pollution. 

With the sulfate analyses, consist- 
ently high results were obtained on 
samples collecting near the ship chan- 
nel industrial district, in the areas 
where visible damage was noted. This 
would indicate sulfur dioxide, sulfate- 
containing dust, or sulfuric acid mist 
as the causative agent. 

Since at least one source of sodium 
sulfate dust particles was known to 
be present in the area, it was necessary 
to distinguish between soluble sulfate 
present as a reaction product involving 
sulfur dioxide, and dust-containing 
sodium sulfate which might be deposited 
on the surface of the leaves. This was 
accomplished by analyzing the leaf 
extracts for sodium by flame spectro- 
photometer. 

With samples collected in the control 
area there was no consistent pattern 
of excess sodium over sulfate or vice 
versa. The amounts of both were in 
general quite low. With samples col- 
lected in the industrial area, amounts 
of both sodium and sulfate were higher 
but still there was no consistent ratio 
between sodium and -sulfate. There 
appeared to be a completely random 
distribution of sodium/sulfate ratios 
among the samples collected and there- 
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Fig.1. Leavesof Arizona AshTree: (a) affected 
by air pollutants (b) normal leaves for com- 
parison. 


Fig. 2. Leaves of Cedar Elm Tree: (a) 
affected by air pollutants (b) normal leaves for 
comparison. 


fore it was assumed that the sodium: 


was not related to the sulfate, which 
eliminated sodium sulfate as a source 
of the high sulfate values. While it is 
undoubtedly true that a few of the 


30 


high sulfate results obtained in the 
industrial area were due to sodium 
sulfate, it appeared that interference 
from this source was negligible and was 
not of statistical significance. 

An abnormally high sulfate content 
would also result if the leaves had been 
damaged by sulfuric acid spray. How- 
ever, this seemed less likely than dam- 
age due to sulfur dioxide, since the 
sampling and analysis work showed 
that sulfur dioxide was found frequently 
in all portions of the ship channel area, 
whereas traces of sulfate and sulfuric 
acid mist were found only infrequently. 

On the basis of this evidence, sul- 
fur dioxide was suspected as the causa- 
tive agent of the observed symptoms. 
In order to test this possibility, ash and 
elm trees were sprayed with water 
solutions of sulfur dioxide and the 
sprayed areas enclosed on polyethylene 
tents to maintain high humidity fol- 
lowing the spraying. Sodium sulfate 
and sodium carbonate were also used in 
water solutions since sources of these 
two materials were known to be present 
in the area. 

It was found that symptoms very 
similar to those observed in the field 
were developed in these laboratory 
experiments with the sulfur dioxide 
solutions, using both 0.5 and 1.5% 
by weight (SO, reacts in water to form 
sulfurous acid, but concentrations were 
calculated on the basis of unreacted 
SO.). Plants were also treated with 
20% by weight of sodium sulfate 
(Na2SO,) and sodium carbonate (Na- 
CO;). No visible damage resulted 
from treatment with the sodium car- 
bonate solutions while the sodium sul- 
fate solution caused a very slight burn- 
ing of the ash. Since sulfur dioxide 
caused symptoms similar to those in the 
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Fig. 3. Accumulation of sulfate in vegetation. 
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field in much lower concentrations than 
the sodium sulfate, the results again 
indicated very strongly that sulfur 
dioxide was responsible for the visible 
damage. This hypothesis was further 
supported by the atmospheric sampling 
data mentioned previously, which 
showed that sulfur dioxide was found 
throughout the industrial section and 
was the most widespread in occurrence 
of all pollutants measured. Further- 
more, the areas in which sulfur. dioxide 
was found most frequently corresponded 
to the area in which the most severe 
visible symptoms were found. 


Rate of Accumulation 


To provide some information on 
the way in which sulfate might accu- 
mulate in tree leaves, samples were 
taken periodically throughout the 1957 
growing season to see if a definite pat- 
tern might be established as a function 
of time. For this purpose, ten elm 
trees and ten ash trees were selected in 
the ship channel area, in the sections 
where visible symptoms were most 
evident and where previous analytical 
results had shown the highest sulfate 
concentration. Leaves from these same 
twenty trees were collected at intervals 
throughout the growing season and 
analyzed. Each time, leaves were 
collected that had been on the tree 
since the beginning of the season; 
as far as possible, leaves forming a part 
of secondary growth were avoided. 

As before, all samples were analyzed 
for both water-soluble sulfate and for 
sodium, since it was possible that so- 
dium sulfate dust might have been 
deposited on the leaves. Since most of 
the trees were in areas adjacent to 
known sources of sodium sulfate, it was 
decided to reduce all sulfate values 
by an amount equivalent to one-half 
the sodium (on the basis of Na2SO,) 
and to assume that only the remaining 
sulfate was the result of exposure to 
sulfur dioxide. Such a procedure should 
be conservative; i.e., actual sulfur 
dioxide pollution should be somewhat 
greater than indicated by the corrected 
values. However, since the purpose of 
the samples taken at intervals during the 
growing season was to obtain relative 
values rather than absolute values, the 
exact procedure for making the cor- 
rection is of only minor importance, and 
the same type of accumulation pattern 
was demonstrated if no correction was 
made. 

Figure 3 was prepared from the result- 
ing data, shewing corrected sulfate 
values as a function of time. It was 
noted that results with individual 
trees showed some irregular variation 
time to time, due evidently to bleaching 
effects of rainfall or other extraneous 
effects. However, for the average val- 
ues obtained with the same ten trees, 
there was a consistent pattern. In the 
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case of the ash trees, sulfate concen- 
tration increased as a straight line 
function throughout the growing season, 
tending to confirm the relationship 
between sulfate concentration and ex- 
posure to atmospheric pollutants, prob- 
ably sulfur dioxide. In the case of the 
elm trees, there appeared to be a 
leveling off, indicating that the sulfate 
concentration approached a saturation 
point near the end of the growing 
season. 

Another interesting feature of Figure 
3 is the result obtained by extrapolat- 
ing the results back to zero concen- 
tration, as shown by the dotted line at 
the lower end of the curve. This ex- 
trapolation reaches the zero value ap- 
proximately two weeks after the leaves 
formed, rather than at the time when 
they began to form. Apparently new 
leaves do not accumulate sulfate during 
the early stages of growth, or else any 
sulfate accumulated is considerably 
diluted (on a weight basis) by the later 
growth of the leaf. The leaves would 
normally reach full size in approxi- 
mately two weeks after the leaf buds 
open and would then remain approxi- 
mately the same size during the re- 
mainder of the growing season. (They 
would not necessarily remain the same 
weight due to changes in water content, 
but analytical results were calculated 
on a dry basis.) 


County-Wide Sampling Program 
Since the leaves of both the ash and 
the elm appeared to accumulate sulfur 
dioxide continuously as a function of 
total exposure, samples were collected 
in different areas of Harris county and 
were analyzed to measure relative pol- 
lution levels in different sections of the 
county. The same type of collection 
and analysis was carried out with 
pine needles, since it has been reported 
that pine needles are also capable of 
reacting to sulfur dioxide and of storing 


the reaction products as a sulfate-con- 


taining material.’ 

Samples for these three species of 
trees were collected throughout the 
county, collecting the pine needles 
during the wintertime and the ash and 
elm samples at the end of the growing 
season just before the leaves fell from 
the trees. All samples were dried to 
constant weight, leached with hot 
water, and the extracts analyzed for 
both sulfate and sodium by the pro- 
cedures described previously. Figures 
4, 5, and 6 show the results obtained. 
In all cases, there appeared to be no 
consistent relationship between sodium 
and sulfate values, and thus it was 
assumed that sodium sulfate was not 
an important factor and that sulfate 
values were due primarily to sulfur 
dioxide. Furthermore, since sulfur di- 
oxide is the best single indicator of over- 
all pollution levels, the results are 
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Fig. 5. Results of chemical analysis of elm tree leaves (micromoles per gram). 


related to general pollution levels 
throughout the county as well as to 
sulfur dioxide specifically. 

To make use of this principle, Table 
I was prepared, showing calculated 
pollution indexes for different areas 
based on pine, ash, and elm analyses. 
To calculate these empirical indexes, 
the average sulfate concentration from 
the three areas showing the highest 
value was arbitrarily assigned a value of 
1.00. Average sulfate concentrations 


‘for all other areas were then divided 


into this value in order to obtain an 
empirical rating. For each section of 
Harris county, the pollution indexes 
calculated in this way agreed quite well 
with the expected pattern based on 
chemical sampling and analysis, me- 


teorological factors, and distance and 
direction from known sources of pollu- 
tion. It is felt that these indexes 
represent at least the same degree of 
precision as can be obtained in any other 
way, and that the precision is much 
better than that obtainable with some 
other techniques. 

No consistent pattern was evident in 
the variations between indexes based 
on different species of trees, and there- 
fore an over-all average was calculated 
by merely taking the arithmetic average 
for the three species of trees. 


Conclusions 


The results obtained in this study 
indicate that sulfate content of vege- 
tation samples can be used to obtain 
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Fig. 6. Results of chemical analysis of pine needles (micromoles per gram). 


Table I—Iindex of Pollution from Vegetation 


Area 


Ash Elm Pine Average 


North of Ship Channel: 


Galena Park-Port of Houston-Jacinto City 


(assigned arbitrary value of 1.00 
Green’s 


E. Houston and Mt. Houston Roads (8-12 mi 


north of area 1) 


Aldine Road—Rt 59 (14-17 mi north of area 1) 


South of Ship Channel: 
Pasadena~-Manchester-Harrisburg 
Deer Park Area 
La Porte Area 

East of Ship Channel: 


Baytown and up to 3 mi north of Baytown 


Along Rt 90. ioe ag north of Baytown 
West of Ship Chann 


1.00 1.00 1.00 1.00 
1.03 0.64 1.17 0.95 
0.47 0.09¢ 0.66 0.57° 
0.35 0.35 0.17 0.29 
0.80 0.71 1-22 0.91 
0.53 n. a.° 0.39 0.46 
n. a.° n. a.° 0.25 0.25 
0.88 0.41 n. a.° 0.64 
0.26 0.46 0.25 0.32 


Almeda and Rds. (6-10 mi 


channel) 
Nort 
west of ship channel) 


0.57 0.24 0.22 0.34 
0.144 0.174 0.114 


west Haris County (20-25 mi north- 


* Based on samples of only three elm trees found in the area, and therefore of doubtful 
significance. Other values based on a minimum of five trees in each area. 


Omitting doubtful value for elm trees. 


*n. a., not available; few or no trees of the s 


pecies were found in the area. 


? Analytical results were near the limit of sensitivity of the analytical method, and 


therefore of doubtul significance. 
Index of pollution = 


SO, concentration for particular area 


SO, concentration for Galena Park-Port of Houston-Jacinto City Area 


& semi-quantitative measure of the 
long term exposure to sulfur dioxide. 
To the extent that sulfur dioxide is 
also related to over-all pollution levels, 
this can then be used as a general 
indicator of pollution. In the study 
made in the Houston area these data 
were used to calculate pollution indexes 
in different areas of Harris county, in 
order to determine relative pollution 
loadings. It is felt that these data 
provide the best means of making such 
comparisons and are much better than 
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data obtained with a mobile laboratory. 
Permanent sampling stations might 
offer a means of obtaining more ac- 
curate results if a sufficient number of 
stations could be operated to provide 
thorough coverage of the area, but unless 
there were a great need for such in- 
formation, the cost of a large number 
of permanent sampling stations would 
be prohibitive. Certainly for a survey 
in which only limited financial resources 
are available, this method offers the 
best. possibility where applicable. The 


comparative ease and economy of 
obtaining data are major advantages. 
Also, trees work day and night as 
continuous sampling devices, and re- 
quire no electric power and no main- 
tenance. The results represent the 
cumulative effects of continuous ex- 
posure over a known period of time, 
with a continuity which cannot be 
obtained with a mobile laboratory and 
can only be approached with continuous 
recording equipment due to interrup- 
tions by breakdown, power failure, etc. 
The major disadvantage is that the 
cumulative results give no indication of 
short time peak values that occur during 
the sampling period. 

It is not known to what extent similar 
techniques might be applicable in 
other locations. However, sulfate an- 
alysis has been used by other investi- 
gators to measure exposure to sulfur 
dioxide and it is probable that similar 
techniques could be employed to ad- 
vantage in other locations. 
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APCA ELECTIONS 
HELD AT MEETING 


Four vice presidents were elected to 
office at the 53rd Annual Meeting. 
They are: Dr. W. L. Faith, First Vice 
President, Louis E. Bunts, Vice Presi- 
dent of Control; Vernon G. MacKenzie, 
Vice President of Research and Educa- 
tion; and C. C. Tate, Vice President of 
Industry. 

Howard C. Davies was re-elected as 
Treasurer of APCA for the 10th suc- 
ceeding year. Mr. Davies recently re- 
tired as Treasurer of Mellon Institute. 
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INDUSTRIAL RESPONSIBILITIES in and ADVANTAGES from the 
CONTROL of AIR POLLUTION 


MARTIN D. BARR, Financial Planning Department, International Business Machines, New York, N. Y. 


hag air pollution is a prob- 
lem which is in the process of being 
solved, but is not yet conquered. The 
problem and methods for its solution 
are viewed in different ways by indus- 
try, the cities, states, federal agencies, 
and their employees. The engineer, 
chemist, farmer, and executive all agree, 
however, that the final solution revolves 
around the control and abatement of 
air pollution. The hypothesis in this 
paper is two-fold: (1) industry does 
have certain responsibilities in the con- 
trol of air pollution; and (2) there are 
advantages that will accrue to industry 
from their acceptance of these responsi- 
bilities. 

This paper is not basically concerned 
with either the polluting contaminants 
or with the control methods employed 
for their removal from the atmosphere. 
Nor, is it concerned with the costs 
arising from control programs and 
research of various types. Cost savings 
will be mentioned, however, in the dis- 
cussion on the advantages of a control 
program. 


Responsibilities and Advantages 
Bias 

Since much of the material included 
here is based upon the questionnaire 
shown in the Appendix, it is necessary 
to comment upon some possible biases 
which arise in the questionnaire, es- 
pecially as the answers to the question- 
naire present a picture of industrial 
actions and attitudes in the control of 
air pollution. These biases arise from 
the following: 

1 the size of the questionnaire 

2 the choice of companies 

8 the location of these companies 

4 the make-up of the returns 


The questionnaire was sent to 250 
companies in an attempt to cover a 
representative sample of American in- 
dustry. However, while it covered the 


*In two cases, the companies had 
ceased business. : 


This paper is part of a thesis in in- 
dustrial management presented in 1959 
to the faculty of the Wharton School of 
Finance and Commerce, University of 
Pennsylvania, by Mr. Barr in partial - 
fulfillment of the requirements for the 
degree of Bachelor of Science in Eco- 
nomics. The Editors are pleased to be 
able to present it to their readers and 
encourage the submission of such original 
work on air pollution control. 


main sectors of industry in that the oil, 
steel, paint, rubber, plastics, and other 
metal companies were covered, in point 
of size, it was deficient. A question- 
naire which covers such a minute per- 
centage cannot hope to gain or result 
in a truly accurate picture of the actions 
of American industry. 

This is compounded by the choice of 
companies and the location of these 
companies. Due to the subject of the 


paper, this questionnaire was sent to - 


companies which were engaged in 
manufacturing, above average in size, 
and mainly in the eastern part of the 
country. By manufacturing, we mean 
companies whose main business is the 
conversion of raw materials into a 
finished product. Companies of this 
type were chosen because they are more 
likely to have had experience with air 
pollution control than a firm engaged in 
fabrication or extraction. The limita- 
tion to industrial firms also ruled out 
dumping and other activities who by 
their operations are connected with air 
pollution. 

Companies above average in size 
were chosen because of a familiarity 
with their names or operations. Also, 
it was expected that companies of this 
size would have been engaged in some 
way in air pollution control. This 
caused a definite bias which will be seen 
in the general discussion of industrial 
control programs. Almost all com- 
panies returning completed answers 
maintained control programs and had 


done so for considerable lengths of time. 
This definitely disagrees with the general 
picture except where legislation exists. 
Most small companies do not have the 
wide and far-reaching programs carried 
on by large corporations. They lack 
both the research and the money. This 
will be returned to later. 

Eastern corporations were chosen 
because of the time element. However, 
since action in the more densely popu- 


‘lated and heavier industrialized area is 


likely to be more complete, a true pic- 
ture of the entire country is not shown. 
This factor is minimized by the fact 
that most of the companies replying 
are of a multi-plant nature and have 
operations in all sections of the country. 

There were 133 returns out of 248 
which reached the companies, or 54%.* 
These present the possibility of a mis- 
leading answer due to their make-up. 
It is only natural that companies who 
have taken action should answer and 
those who have delayed should have 
remained silent. It appears from the 
sample where 123 companies or 92.5%, 
had programs, that it is the prevailing 
state of affairs. Regretfully, most com- 
panies in the United States at this time 
do not carry on programs. It was this 
large majority which did not answer 
the questionnaire and yielded an 
erroneous picture. 

In summary, because of the size of 
the questionnaire, and the type of com- 
pany who answered it, a biased picture 
is presented of the prevelance of accept- 
ance by industry of its responsibilities 
in the control of air pollution. 


General Programs 


On the basis of the questionnaire, 
where 92.5% of the companies had pro- 
grams, the contents of these programs 
will be examined. Ninety percent of 
the companies having programs, operate 
in ateas where there are state or local 
control regulations. However, in most 
cases, those companies which are multi- 


’ plant in nature are not covered in all 
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operating areas by a legislative code. 
In the main, these companies have ex- 
tended their programs to cover these 
operations. 


Program Age Varies 


These programs cover a large range 
in point of starting time. Ten percent 
have been started within this last five 
years and 50% of these programs were 
put in operation after the passage of 
controlling regulation. Twenty-two 
percent of the companies started their 
programs in the period between 1949 to 
1954. Of these companies, 60% had 
started their programs before passage 
of controlling regulation. By far, the 
largest number of companies (68%) had 
programs which began over 10 yrs ago. 
These programs were mainly started 
during World War II or immediately 
thereafter. In 13% of these cases, 
however, these programs were not insti- 
tuted until after the passage of legisla- 
tion. This is counterbalanced by an 
equal number of companies who have 
programs where no authority exists at 
this time. 

It is here, that a bias has appeared 
in the questionnaire. The apparent 
picture given by the above statistics 
shows industrial action mainly preceding 
the passage of legislation. It must be 
remembered, however, that the com- 
panies returning answers are mainly 
large in size and are more in the public 
eye. They also have more financial 
backing and could take action more 
easily than smaller companies. 


Affect Employees and Public 


These programs are for the controlling 
of pollution both internally and in the 
outside atmosphere. These programs 
have an effect therefore on both com- 
pany employees and the public. 

It is interesting to note, that of the 
companies recently starting programs 
(under five years old), all of them work 
with the authority in carrying out and 
improving their programs. Yet, in 
companies having started programs 
five to ten years ago, this drops to 
81.5%. In companies whose programs 
are over 10 yrs old, the percentage work- 
ing with the control authorities drops 
slightly to 79.5%. This decreasing 
amount of contact between companies 
and the authority is not unusual. As 
the company’s program has been 
perfected and problems have been 
solved, there is less and less control 
work existing. This solving of com- 
pany problems means that the co-oper- 
ative work no longer becomes necessary. 
However, this does not mean there is no 
longer contact between the parties. 
There are still equipment inspections 
by the authority, reports from the firm, 
wal work on general community prob- 
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These programs follow a heteroge- 
neous pattern in relation to inter- and 
intra-industry work. First, however, 
the program of the oil companies in this 
field is worth mentioning. All com- 
panies contribute to and work with the 
American Petroleum Institute which 
carries on research in this field. It has 
developed efficient control measures 
which are in use at most refineries. Of 
the companies having programs of under 
five years duration, 75% work with 
other members of their industry for 
the solving of common problems. In 
this way, they obtain the use of previous 
experience by other companies. This 
falls to 50% in the area of working with 
other companies in their plant operating 
areas. A probable cause of this is that 
many plants are of a branch nature and 
do not have the necessary authority to 
discuss work of this type. In com- 
panies having programs of five to 10 
years, only two-thirds (66%) work with 
other members of their industry and 
these are mainly in the chemical, oil, 
and utility fields. Again though, only 
50% consult with other local industries 
in the solving of area problems. In 
companies with long standing programs, 
the percentage working with other 
members of their industry, returns to 
75%, while the number working with 
other local industries rises to 60%. 
This shows that a realization of the 
value of working with local industries 
must have occurred. 


Responsibilities 

The previous section has given a pic- 
ture of industrial programs in the con- 
trol of air pollution. Most of the com- 
panies in the questionnaire have ac- 
cepted their responsibilities whether by 
force or choice. However, as men- 
tioned previously, the main segment of 
American industry is not on a level 
with this selected sample. The respon- 
sibilities industry must incorporate in 
their control programs in order to 
change the public attitude and prevent 
compulsive legislation is the subject of 
this section. Following this, the advan- 
tages resulting from the acceptance of 
these responsibilities will be discussed. 

Responsibility means something for 
which someone is responsible. It may 
be a condition, a duty, or an obligation.' 
What are the responsibilities of industry 
in the control of air pollution, which in 
the eyes of the public have not been 
accepted? The following quotations 
describe them in broad form.? They 
will be summarized later. 


Industry has responsibility in air 
pollution control to its employees, its 
stockholders and the public. Pro- 
gressive ‘companies will include ade- 
quate pollution control facilities as a 
part of new unit design. Cost of 
installation and operation of such 


facilities should be considered a neces- 
sary cost of doing business. 

Air pollution is a preblem that in- 
dustry must constantly consider. 
It requires investment in new equip- 
ment and research and, also, careful 
operations and adequate maintenance 
of existing equipment. 

Air pollution is industry’s own prob- 
lem and too often they buy equipment 
or proceed to do a particular job with- 
out thinking of the effect of its ex- 
haust. 

In the immediate future, it will be 
industry’s responsibility to solve its 
air pollution problems. This should 
be done on a voluntary basis or it will 
be forced on industry by local, state, 
or federal authority. 

Industry, in general, has an obliga- 
tion to its employees and surrounding 
neighbors to minimize its effluents 
whether it is in the form of air pollu- 
tion or water pollution. 

Air pollution is an industrial respon- 
sibility which we have not shouldered, 
hence government legislation unreal- 
istic and poorly planned. 

...it is important that industry 
continue to contribute its technical 
and administrative talents in carrying 
out the program. 

Like safety and industrial hygiene, 
an air control program must be con- 
sidered an integral part of today’s 
business. 

Our company’s position is that it 
is a management responsibility as a 
good citizen to control stack gases 
and other air-borne effluents so that 
we do not offend the people in the 
community. We believe that people 
have a right to expect good conduct 
in this as in other areas of our busi- 
ness. Industry must realize that 
unless this concept is accepted volun- 
tarily and implemented, it will be 
accomplished by law. Thus, without 
compulsion, industry should get its 
house in order and derive credit. 

Industry must take an active inter- 
est in air pollution activities, other- 
wise a community program as a whole 
will be ineffective. 


In summarizing the responsibilities 
indicated by these quotations, they may 
be divided among primary and sec- 
ondary. The primary obligation of the 
company is to establish and continue a 
control program; while secondary re- 
sponsibilities exist, to the public, em- 
ployees, and stockholders. Also in- 
ter- and intra-industry responsibility 
exists. The primary responsibility of a 
program exists because of a moral obliga- 
tion. The old and the new Testaments 
state that, “Thou shall love thy neigh- 
bor as thyself” and “all things that you 
would have men do to you, you should 
do for them.”* Also, if the company is 
causing the problem, it is legally respon- 
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sible for the immediate cessation of the 
disturbance. 

The other responsibilities arise out of 
this primary one and determine the 
breadth of the program. The civic 
obligation coucerns both the public and 
the control authority. The company 
should educate the public so that they 
have an understanding of the problem 
and an appreciation of the company’s 
work, The company must also con- 
tinually work on improving the control 
of its own situations. This obligation 
also includes the requirement of co-oper- 
ating with the authority in all ways, 
meeting its requirements, and taking 
advantage of its services. Your neigh- 
bor is entitled to the same treatment as 
you desire from him. It should co- 
operate with the authority because 
only in that way can true improvement 
be made. The company will gain the 
respect of both the community and 
authority and will be able to carry on 
operations freely and with good public 
relations. 


Responsibility to Stockholders 


Their responsibility. to the stockholder 
exists because of the pecuniary relation- 
ship between the two. The company 
must maintain a program that will main- 
tain the company’s earnings and not 
hinder its operations. Since a lack of 
air pollution control can yield hindering 
ard expensive regulations and may hurt 
the profit potential of the company, 
there exists a responsibility on the side 
of the company to install an efficient 
and voluntary program. 

The third responsibility which an air 
pollution control program must meet 
involves the employees of the company. 
This involves control both inside and 
outside of the rlant. The program 
must provide both clean and safe work- 
ing conditions. The workman’s com- 
pensation laws hold companies responsi- 
ble for injuries of sickness from causes 
of this type. The employee is entitled 
to receive the same consideration given 
people outside of the plant. Machinery 
operation training, safety, and industrial 
hygiene are continually stressed and 
improved upon in industry. The em- 
ployee is entitled to the same considera- 
tion in relation to the air he breathes 
while at work. 

Control programs also involve a 


responsibility to work with other com- — 


panies both inside and outside a particu- 
lar industry. Inter-industry work, as 
shown by the questionnaire, is done by 
approximately 60% of the companies. 
This responsibility of working with other 
local industries involves the extension 
of more authority to branch plant 
managers by the company. Since the 
companies are in the same area, by 
working together in solving common 
problems they will improve the efficiency 


of their programs and reduce friction 
with both the public and the control 
authority. This is not a legal or moral 
obligation as exists to the public, em- 
ployees, or the stockholder, it is rather 
a matter of common sense that com- 
panies should work together. 

It is surprising that companies feel 
more of an obligation to work with 
other members of their industry, as is 
shown by the 75% in the questionnaire. 
This situation exists because such work 
is done from the home office through 
trade associations and yields more 
directly applicable information. In do- 
ing work of this type, they reduce the 
likelihood of legislation and learn more 
efficient methods. The great hindrance 
to accepting an obligation of this type 
is the fact that competitors will gain 
access to confidentialinformation. Yet, 
if discussions and research are limited 
to common problems, this fear has no 
basis. Co-operation of this type is 
demonstrated by the National Council 
for Steam Improvement, which is the 
association representing the_ pulp, 
paper, and paperboard industries. 
Their studies are limited to obtaining 
data on recovery processes, abatement 
methods, and attempts to determine 
the magnitude of the air pollution prob- 
lem. It is at present limited to the 
kraft industry.‘ 

Thus, an air pollution problem re- 
quires the existence or establishment 
of a control program. This program in 
its operations must meet certain legal 
and moral responsibilities to the public, 
the company employees, and to the 
stockholders. The program should also 
include inter- and intra-industry co- 
operation as a means of obtaining more 
efficient cuntrol. 


Advantages 


It is natural that many companies 


regard a program involving the above 
responsibilities as a waste of time and 
money and therefore, do the minimum 
required of them in controlling pollution 
sources. For many companies look 
only at the balance sheet side of an 
investment, and from this viewpoint 
air pollution equipment does not appear 
promising. Also, the operation of a far- 
reaching program does require the time 
and energy of personnel whom the com- 
pany feels should be used for more im- 
portant considerations. Yet, the ad- 
vantages from an air pollution control 
program are wide and varied. They 
may be divided between economic, pub- 
lic relation, and employee advantages. 
Of the companies in the questionnaire, 
77% felt that their programs had re- 
duced or removed the possibility of re- 
strictive legislation and litigation. That 
litigation would be removed by an 
effective program requires no deep 
analysis. When control is good, there 
exists no possible grounds for litigation 


by either the public or the authority. 
The companies felt that the possibility 
of legislation was reduced by their ac- 
tions, but not removed. This feeling 
exists because legislation is rarely aimed 
at a particular company, but attempts 
to set up requirements for the commu- 
nity. One of the advantages, therefore, 
of a control problem is the reduction of 
litigation and legislation which may 
hamper operations, cost money, and 
lose valuable operating time. To go 
even further, an effective program may 
be the only factor which permits the 
company to remain in an area. 
Where the programs followed by the 
companies have included the education 
of the public both as to the problem and 
the preventative steps being taken, 
95% felt that their relations with the 
public in their plant operating area were 
improved considerably. Since the peo- 
ple residing near the plant are those from 


~whom complaints originate about opera- 


tions, their goodwill and understanding 
is vital. Companies who because of 
tardiness in beginning or inefficiency in 
operating their programs, lose the sup- 
port of the public, find that it is a long 
time before they regain their former 
high standing. These two advantages 
of public relations and reduced legisla- 
tion and litigation are strongly con- 
nected. For, when people understand 
and appreciate a company’s problems 
and efforts, they are willing to wait be- 
fore instituting legal action. An exam- 
ple of this is Lorain, Ohio, where a beryl- 
lium plant was almost forced to leave 
town because the public feared the 
toxicity of the fumes and were not in- 
formed of the company’s corrective ac- 
tions.® 


Morale Raised 


Another place where a well run pro- 
gram brings returns, is with the employ- 
ees. Sixty-eight percent of the com- 
panies felt that their employees were 
affected by their programs. The em- 
ployees were affected in many different 
ways, most of which were advantageous 
to the company. The programs have 
resulted in improved working efficiency 
and conditions, higher morale, and less 
absenteeism and sickness. They also 
make the employees conscious of their 
responsibility to the public. Air pollu- 
tion control is very closely tied to safety 
and industrial hygiene, as they all deal 
with the same general area. Due to the 
program, the company obtains more 
and better work from its employees, has 
less lost time for sickness, and instills in 
its employees a sense of pride in the 
company. The program also reduces 
the number of grievances and provides 
public relations people in the form of 
employees discussing their company 
with the public. ; 

An example of the reduction in absen- 
teeism and sickness which can be ob 
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tained is shown by the Saint Joseph 
Lead Company which operates large 
mining interests in sourthern Missouri. 
By reducing sickness, the company 
also avoids the costs of replacement 
training and lowered output during this 
training period. It should also be 
noted that a program which provides 
good working conditions will reduce 
labor turnover. Saint Joseph has re- 
duced its turnover from 250% in 1918, 
to 6.5% last year, including severance 
by death and pension.‘ The tremen- 
dous savings inherent in a reduction of 
this magnitude, does not require further 
discussion. 

In 1923, the cost of sickness and 
absenteeism was $3.51/$100 of payroll. 
At that time, the safety department, 
which included air pollution control, 
spent $.10/$100 of payroll. By 1956, 
even with greatly increased compensa- 
tion payments and wage rates, the cost 
of sickness had decreased to $.57/$100 
of payroll. This decrease is attributed 
to the great increase in company spend- 
ing for safety which now amounts to 
$.70/$100 of payroll.® 


Economic Advantages 


The final group of advantages which 
a company receives from accepting 
the responsibility of an air pollution 
control program, are economic in na- 
ture. The first of these is the recovery 
of materials which may be reused or 
sold. It is admitted that advantages 
of this type are specialized items and 
not all companies will receive benefits. 
Yet, 59% of the returns reported econo- 
mies of this type. In most cases, the 
amount received in dollars was not tre- 
mendously large, but it does provide a 
return on the investment. These com- 
panies are located in the oil, brewing, 
paper, chemical, paint, rubber, electric 
utility, and metals industries.* In the 
electrical utilities it is the recovery and 
sale of fly ash, and in oil it is the preven- 
tion of hydrocarbon losses that provide 
these returns. 

Only 18.5% reported an increase in 
land values because of their programs. 
I feel that this is a biased answer because 
of a lack of information on the part of 
company officials. When a company 
becomes situated in a location, it intends 
to stay and the increase in land value 
becomes of concern only if a move is con- 
templated. However, anything which 
makes an area nicer to live and work in, 
raises the land values. This is exempli- 
fied by land values in tenement districts 
after rebuilding. 

In the reduction of soiling and corro- 
sion of materials and structures, 75% 
reported a definite advantage. Many 
of the exhausts which are prevented 
by air pollution control are composed 


* Refer to Case Studies. 
a with President, November 
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of materials which have oxidizing and 
debilitating effects. Other exhausts 
yield nothing but a film of dirt over 
everything in the vicinity and thus 
give rise to extra cleaning expense. 

In Louisville, Kentucky, an experi- 
ment was performed, demonstrating the 
effect of air pollution metals. Steel 
springs were mounted in different parts 
of the industrial section and exposed to 
the atmosphere. Those which were in 
the direct path of winds from the pollu- 
tion area deteriorated more rapidly 
than the others. The effect of the out- 
side atmosphere has not been deter- 
mined and this test is not exact, but it 
does show that air pollution can be 
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ng. 

Clearly related to this, is the lowering 
of plant maintenance costs which 31% 
of the companies reported. As there is 
less soiling and corrosion, there is less 
cleaning and repair work to do. The 
subject of plant maintenance costs is 
two-edged, however, and many com- 
panies reported an increase in them, 
due to the expense of servicing the 
program. 


Fire Hazard Decreased 


A decrease in the fire hazard was 
reported by 30%. This, like the recov- 
ery of materials, is a specialized situa- 
tion depending on the pollutants. It 
exists mainly in the chemical and paint 
industries where the program removes 
flammable fumes from the air. 

The final advantage noted is related 
to public relations and the company 
employees. The reduction or removal 
of objectionable odors through a pro- 
gram was reported by 64% of the com- 
panies. The removal of odors brings 
a halt to community complaints and 
produces more pleasant working condi- 
tions for the men. The result is less 
litigation, friendlier neighbors, and 
higher morale. 

The advantages of air pollution con- 
trol to a company are many and varied. 
They are economic, public relations, 
and employee relations. It must be 
remembered though, that the public 
relations and some of the employee 
advantages will not exist where compul- 
sion has been necessary. Employee 
morale will not be raised quickly and 
the public will not feel that the com- 
pany wishes to solve the problem. 


Case Studies 
Company At 


This is a small size firm which was 
started in 1936, just as the nation began 
to recover from the depression. They 
are a producer of lead, lead alloys, tin, 
and copper which are shipped in ingot 
form to other companies in this area. 
The company is a secondary producer, 
in that, they use the metal in any form 
for smelting and do not depend upon a 


supply of raw ore. Their material 
sources include such things as wornout 
storage batteries, lead piping, and 
electrical cables. At this time, the 
equipment in use at the plant includes 
blast and refractory furnaces. 

The air pollution control problem of 
this plant has involved the spending 
of approximately 20% of their capi- 
talization and a constant research 
effort. They employ a full time engi- 
neer who works on improving the cur- 
rent control process and spends a great 
deal of time in aiding other companies 
in their field, with control. The advan- 
tages to the company in following their 
program fall into two categories; public 
relations and internal improvement. 
They feel that the threat of both litiga- 
tion and the setting of minimum 
standards by the city have been removed 
by their actions. Economically, it 
yields a return by lowering maintenance 
costs and trapping usable material 
which would blow out of the stack. 

Their problem was a threefold one, 
involving smoke, odor, and the recovery 
of usable material. Approximately 10% 
of the metal placed in the furnaces went 
up the stack and until a method was 
devised for recovering this, no profit 
could be made. The odor resulted from 
the burning of rubber and sulfuric acid 
in the batteries and from the resin 
covering the electrical cables. The 
smoke was an inevitable by-product 
arising from the burning of fuel and the 
reduction of the various materials to the 
pure metal. 


Begun in 1936 


Control was begun in 1936 with the 
purpose of recovering the metal which 
had gone up the stack and prevented 
an economical operation. Wet scrub- 
bers were installed and all emissions 
were diverted through them. They 
were 85% effective and the remaining 
15% was released into the atmosphere. 
However, after the war, the section 
surrounding the plant was rapidly built 
up into a residential section. These 
people complained to both the com- 
pany and the Air Pollution Control 
Board about the 15% which was still 
being released. The Board suggested 
that the company take further action 
and at no time took legal action against 
the company. Occasional. meetings 
were held at various times to determine 
acceptable limits and to report on the 
progress being made. In the next step 
toward better control, the company 
installed afterburners on the stacks in 
an attempt to reduce the amount of 
pollutants escaping through further com- 
bustion. This lowered the amount of 
the smoke, but had no effect upon the 
odor. After a series of experiments, 
the company changed its entire control 
system and began using bag houses. 
These were extremely successful and 
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operated at an efficiency very close to 
100%. Ona normal day, nothing may 
be seen escaping from the stacks. 
Complaints are no longer received 
even when there is a breakdown and 
pollutants are emitted, due to favorable 
public relations. The company is now 
operating at a profit and maintenance 
costs have been reduced due to a lowered 
amount of acid and resin discharge. 


Company B* 


Company B is a large national cor- 
poration which operates a plant in the 
Philadelphia area. Their local plant 
produces metals, plastic compounds, 
lead oxides, and paint vehicles. These 
last are non-pigmented coatings and 
varnishes. The company feels that 
considerable progress has been made on 
their particular problem, but that a 
stopping point has not yet been reached. 

In June, 1955, a small pilot plant was 
erected for manufacturing the initial 
production batches of a latex emulsion 
paint. The production of the latex in- 
volved the use of an acrylic momomer, 
which are organic compounds. The 
company was aware that the monomer 
was highly aromatic and was toxic 
above certain levels of concentration in 
the atmosphere. Precautions were 
taken therefore to protect the plant 
personnel and keep the concentration 
far below that considered toxic. 

The exhaust vents of the processing 
unit were conducted to the roof and the 
fumes passed through a small surge tank 
filled with a chemical known to be a 
good absorber of the monomer. 

It was assumed by the management 
that this pilot plant run would proceed 
as smoothly as the previous smaller 
laboratory batches. However, shortly 
after production was begun, one of the 
batches reacted wrongly and an amount 
of unreacted monomer was released. 
Immediately, the company aiid the 
Control Board received complaints 
about odors emanating from the plant. 

Corrective measures were taken at 
once by the compaay in consultation 
with the Control Board to prevent any 
recurrence. After laboratory research, 
the surge tank was filled with another 
chemical felt to be a better absorber. 
The pilot plant was then restarted and 
a great effort was made to standardize 
the batches. However, the human 
element was still present. 


When at intervals, a reaction pro- . 


ceeded too rapidly and monomer fumes 
were discharged, complaints were re- 
ceived. The complaints were now in- 
creasing in both number and in demands 
for action. Several more attempts were 


* Interview with Production Manager, 


November 4, 1958. 


¢ Interview with Superintendent, No- 
vember 14, 1958. 


made to utilize the surge tank in such 
a manner as to remove the problem, but 
they were unsuccessful. 

The company, in conjunction with 
the Control Board, then came to the 
decision that more drastic steps needed 
to be taken. The ultimate decision was 
to purchase a catalytic combustion 
unit to eliminate the odor. Production 
was then halted until the unit was ob- 
tained and installed even though the 
company was losing a great deal of 
money. 


Complaints Continued 


The company feels that the neighbors © 


were overly sensitized to the odor, but 
that a definite odor problem did exist. 


The company also found that complaints- 


continued long after corrective measures 
had been taken. 

Upon the arrival of the combustion 
unit and its installation, production was 
resumed. During this time, production 


‘had been expanded from a pilot plant 


to a full scale production unit. ‘The 
odors were greatly reduced, but some 
still existed. 

Since the fumes were highly inflamma- 
ble, safety devices were installed to 
prevent any flashback from the combus- 
tion unit to the production unit. How- 
ever, a reaction proceeded too quickly 
and an explosion resulted which did 
some damage but caused no injuries. 
To eliminate this hazard, the fumes 
were led first to a surge tank and then 
to the combustion unit. Again opera- 
tions were halted by an explosion which 
damaged the surge tank. The next 
solution tried was placing two surge 
tanks in tandem along with dilution 
of the fumes with air so as to reduce the 
possibility of an explosion. 


Still, under the best operating condi- | 


tions, complaints were received by the 
company. Therefore, the company, on 
the recommendation of the Control 
Board, in an attempt to better its rela- 
tions in the neighborhood, conducted a 
group through the plant and explained 
the steps they had taken to reduce the 
odor. At this time, the company felt 
that the smell might be apparent, but 
was certainly reduced. 

As the monomer was then being stored 
at the plant prior to processing, steps 
were taken to avoid polluting the air 
during the loading and unloading of the 
storage tanks. This was brought to the 
company’s attention through complaints 
made to the Control Board. Another 
facet of the problem pointed out by the 
Control Board, was that an odor can be 
objectionable to some, pleasant to 
others, and undetectable to a few. 

To prevent the escape of monomer 
fumes during unloading, the company 
designed cartridges of granulated acti- 
vated carbon. These were attached 
over all exhaust vents on the storage 


‘tanks and the delivering tank truck. 


They were extremely effective, but 
absorbed enough of the monomer to 
cause a considerable rise in the tempera- 
ture of the carbon. 

The problem was now presented that 
the carbon would become hot enough 
to ignite the fumes anc cause a disas- 
trous explosion. Jackets filled with 
dry ice were constructed around the 
cartridges and constant thermometer 
checks were taken on the temperature 
of the carbon. A man was assigned 
to watch these thermometers at all 
unloading operations; if the tempera- 
ture rose above 100°F, unloading was 
halted until the carbon returned to a 
safe level. 

Complaints now began to diminish 
although occasional ones were received 
by the company and the Control Board. 
However, periodically production errors 
were made and fumes were released 
causing another series of complaints. 

Finally, the company began work 
on eliminating any odor which escaped 
from the catalytic unit. The solution 
was to run the unit at a temperature 
higher than normal. While this would 
insure combustion of all fumes, it also 
caused more rapid corrosion of the unit. 
The company at present has received 
no complaints for some months, but are 
still working on the elimination of some 
slight residual odor emanating from the 
combustion unit. 

The company periodically sends out 
members of their managerial staff to 
interview families in the neighborhood to 
determine their opinions about the work 
that the company has done and is doing 
in odor removal. This type of survey 
was suggested by the Control Board 
and has proved quite successful. This 
survey serves a two-fold purpose, giving 
the company information on the fre- 
quency of odor emanation and reassur- 
ing the neighbors of the sincerity of the 
company. The net result has been that 
the neighboring community has changed 
from a group bent on limiting the 
activities of the company, to a group 
co-operating with the company in its 
attempts to remove an objectionable 


‘odor. 


The company also feels that the 
services and co-operation of the Control 
Board were essential in solving the 
problem. 


Company Ct 

This is a large public utility operating 
in a highly industrialized area of the 
United States. The company’s opera- 
tions have a tremendous effect on the 
atmosphere due to the large amounts of 
fuel they consume compared to other 
operators. They burn around 23% 
of the total liquid and solid fuels con- 
sumed. This discussion will be based 
on the general program followed by 
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them over a period of years for the 
reduction of particulate emission, as 
part of their civic responsibility. 

The main advantages in this pro- 
gram lie in the fields of public rela- 
tions and economic return. The public 
relations aspect is clear, in that, the 
neighbors are also the customers. 
The economic advantage lies in lower 
maintenance costs due to decreased 
soiling and corrosion. 

The main work has centered around 
the generating stations and involves 
the reduction of stack loading to the 
lowest point consistent with available 
equipment and good engineering prac- 
tice. This has involved the installa- 
tion of modern equipment in new 
stations and the modernization and 
correction, where necessary, of the 
older generating stations. This is ac- 
complished through engineering studies 
and the maintenance of equipment in 
good operating condition at all times. 

Tn its present operating setup, various 
types of fuel burning equipment are 
employed. These range from boilers 
fired with pulverized coal to stoker- 
fired boilers (vintage 1920-25) which, 
in the main, have been converted to oil 
firing. The use of pulverized coal is 
dictated by economic considerations as 
well as by the guarantee of a continuous 
supply. The furnace is fired by blow- 
ing the fuel directly into the flame. 
The fuel ignites immediately and the 
hot gases and ash residue pass to the 
stack. The major part of the fly ash 
is removed by mechanical collectors 
and/or electrostatic precipitators. The 
fly ash is sold to various concerns 
who use it in chemicals and cement. 
Thus, part of the expense is defrayed. 

In 1949, the company combined the 
two units in order to obtain the opti- 
mum stack performance. The mechani- 
cal collector was followed by the electro- 
static precipitator and they, operating 
in tandem, reduced the fly ash loading 
to approximately 0.2 Ib/1000 Ib of gas. 


Converts Stokers 


Prior to this, as part of its program 
to reduce emission of pollutants into the 
air, the company began converting the 
old stoker fired furnaces to oil firing. 
This step has resulted in greatly reduced 
atmospheric pollution near the plant 
and more flexible operation of the equip- 
ment. At this time, around 50% of the 
stoker fired boilers have been converted 
at a cost close to $3,500,000. While 
this program is highly successful, it 
cannot be extended to all equipment 
as in a national emergency oil might 
become unavailable in quantity. 

In 1935, the company installed its 
first pulverized coal-fired boiler. This 
installation was in an industrial area 
and collectors were installed as a result 
of the company’s belief in responsibility 
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to its neighbors. Electrostatic pre- 
cipitators were installed at a cost 
of $200,000. About 20 years later, 
the installation was modernized at a 
cost of $300,000, by the addition of a 
mechanical collector. 

All control equipment purchased must 
meet rigorous specifications and undergo 
testing before installation. The com- 
pany works with the manufacturer in 
improving his product and buys on the 
basis of efficiency. The location of the 
installation determines in a large part 
the desired efficiency. The most recent 
station built in a suburban area was 
designed for 98.5% efficiency, while 
industrial area requirements are nor- 
mally lower. 


Boilers Automatically Controlled 


The company also works on the de- 
velopment and use of combustion in- 
dicating units. Units of this type are 
installed continually and today all 
pulverized coal-fired boilers are under 
full automatic control. By completely 
utilizing the fuel, maximum efficiency 
is obtained and the possibility of un- 
burnt fuel acting as a contaminant is 
eliminated. Smoke detectors have also 
been installed on all stacks. These 
inform the operator as to the stack 
loading and sound an alarm when ex- 
cessive conditions occur. The reasons 
for such occurrences are recorded and 
studied by the plant operations group. 

Fuel selection is also a point of great 
concern to the company. All solid 
fuels are carefully sampled and analyzed 
to control their effect on the atmosphere. 
A high ash fuel increases operating and 
maintenance costs as well as aggravating 
the problem of ash collection and dis- 
posal. The boilers are tested three 
times yearly to determine their stack 
loadings. This allows corrective main- 
tenance to be done in a more efficient 
manner. 

Finally, their control program in- 
cludes the education of their employees. 
This serves a dual purpose: (1) to 
improve their efficiency and (2) to make 
them more conscious of public rela- 
tions as viewed in connection with air 
pollution. 

Over a period of 20 years, the 
company has spent in excess of $9,- 
000,000, to improve the atmospheric 
conditions surrounding its operating 
units. They believe the return in good 
will alone is worth the investment. 
They also feel that mutual co-operation 
between civic authorities and private 
operators is the best solution to the 
problem of air pollution. 


Summary and Conclusion 


Summary 


In this paper, we have examined in- 
dustrial responsibility in the control 
of air pollution and the advantages 


arising from such control. In this 
chapter, we shall draw certain conclu- 
sions regarding industry and air pollu- 
tion. 

Air is our most important resource. 
Everything that we do or use has 
some connection with air. Of the four 
fundamental resources of land, fuel, 
water, and air, air is the most limited 
in supply and cannot be replaced by 
other substances. Yet, air in the 
United States and the rest of the world 
is continually being polluted by differ- 
ent sources. In the United States, this 
pollution has been brought about by the 
industrial revolution and its products. 

The public feels that industry is 
completely responsible for all pollution 
and ignores the flow of contaminants 
from. domestic chimneys and auto- 
mobiles. The public also feels that 
industry does not co-operate in anti- 
pollution work and must be compelled 
through restrictive legislation. 

The highly publicized incidents of air 
pollution that oceur have furthered this 
two-fold belief in industrial responsibil- 
ity and the need for compulsion. The 
four incidents: the Meuse Valley, 
Belgium; Los Angeles, California; 
London, England; and  Donora, 
Pennsylvania, have all resulted in 
legislation limiting industrial freedom. 
However, the Meuse Valley cannot be 
attributed safely to industry, because 
the concentrated population also uses 
coal as its principal fuel and produces 
the sulfuric acid fumes which were held 
responsible for the many deaths. 

In Los Angeles, the problem, despite 
control of industrial contamination, 
both by choice and force, is worse today 
than ever before. The two culprits 
are the millions of automobiles and 
home incinerators in the vicinity. 
Industry did have a responsibility, 
however, to solve its air pollution prob- 
lems upon knowledge of its existence. 

In Donora, Pennsylvania, industry 
was responsible for the problem and 
had not accepted its responsibilities. 
The responsibility was proved by a 
Public Health Service Study and the 
incident resulted in a hardening of 
public attitude. This occurrence caused 
many cities and states, hesitant about 
passing laws, to proceed headfirst into 
control. 

London, England is another place 
where industry is not totally to blame. 
The heating system used in British 
homes is the main cause of the terrible 
smogs which have killed hundreds and 
caused millions in property damage. 
Yet, the legislation passed has been 
aimed at industrial operations and 
controls all new installations. 

Since World War II, legislation on 
the municipal level has been prolific 
and of a restrictive nature. State 
governments have also entered the 
field and passed laws controlling air 
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pollution. These laws vary widely 
according to industrial co-operation and 
accer?..ze of their responsibilities. 
The ‘sderal government entered the 
field in 1955, with the passage of the 
Air Pollution Research and Assistance 
Act. 
Many federal departments are con- 
nected with or interested in air pollu- 
tion. These range from the Atomic 
Energy Commission to the Department 
of Agriculture. The work under the 
Congressional act is carried on by the 
Public Health Service of the Depart- 
ment of Health, Education, and Wel- 
fare. This program emphasizes _re- 
search, personnel training, and technical 
assistance on specific problems. In- 
formation has been collected by the 
Service and independent contract groups 
on the identification, effects, and abate- 
ment means of air pollution. Also, 
on the factors affecting atmospheric 
dispersal. 

This act. has no direct connection 
with industry as it specifically relegates 
legal responsibility for control to state 
and local governments. It will, how- 
ever, provide a basis for reasonable 
legislation, provide industry with in- 
formation leading to more efficient 
control, and help educate the public. 


Legislati 

It should be noted, that legislation 
becomes less restrictive when legislation 
is passed on a higher level. Jt is not 
aimed at isolated incidents but is de- 
signed to operate for the greatest good. 
Where industry has co-operated, public 
opinion is favorable and there is no 
need for compulsive regulations. The 
need here is guidance and the setting of 
reasonable requirements. 

The acts of New Jersey and Oregon 
are good examples of the results of 
acceptance and non-acceptance of re- 
sponsibilities. In New Jersey, where 
industry has co-operated, the legislation 
is reasonable and calls for industrial 
representation on the ruling body. 
Problems are treated individually, law 
contains no specific requirements, and 
in-plant surveys are conducted to 
determine the appropriate action. The 
co-operation of industry in accepting 
their control responsibilities has been 
the key to the passage and success of 
this legislation. It provides industry 
with a friendly atmosphere for expan- 
sion, means programs may be planned 
efficiently and guides them in their work. 

In Oregon, the law is passed under the 
state police powers and operates uni- 
formly throughout the state. Industry 
is not represented on the ruling body 
and actions may be taken as is needed 
for summary abatement, regardless of 
reasonableness and the existence of 
satisfactory and efficient equipment. 
This hindering legislation was passed 


because of public attitude and also acts 
as a deterrent to further expansion of 
industry. 

These cases demonstrate that where 
industry has willingly accepted its re- 
sponsibilities in the control of pollution, 
legislation is favorable toward them. 

Local legislation is varied and com- 
munities tend to adopt the codes for 
other locales regardless of their present 
applicability. Where strong legislation 
is desired, the permit system is widely 
used as a means of forcing industrial 
control. Operating under the doctrine 
of “reduction at the source,” it gives the 
authorities approval control over all 
new installations and all changes in 
existing operations. Plans must be 
submitted and are approved or denied. 
When the installation is completed, 
approval must be obtained for opera- 
tion and the equipment is subject to 
continuing inspections. If poor per- 
formance is found at any time, the 
operating permit may be revoked and 
court action instituted. 

The system says that industry eannot 
be trusted to accept and maintain 
its responsibilities. It forces mone- 
tary expenditures and the loss of valu- 
able time by the weight of public 
opinion when the results are often 
unknown. 

The important point, therefore, is the 
identification of the responsibilities 
which the public feels have not been 
accepted and its attempts to compel. 
This information was obtained in a 
questionnaire sent to different indus- 
trial firms. Certain biases exist in the 
questionnaire due to its size, the choice 
and location of companies, and the 
returns. It was sent to a smaller 
number of companies than is necessary 
to gain an absolutely true picture. The 


choice and location of the companies | 


presents a bias because mainly large 
scale operations in pollution areas were 
chosen. These companies were more 
likely to have undertaken action than 
smaller, more isolated firms. The re- 
turns show a bias in that companies 
without programs hesitate to answer 
this type of question and thus prevent a 
balanced picture. 

The great majority of the answering 
companies maintained control programs 
and operated in areas containing state 
or local regulations. The programs 
have been started anywhere in the 
last 30 years, with the majority in 
operation for over 10 years. The 
programs are for both internal and 
external atmosphere control. Most 
companies work with the control 
authorities, other members of their in- 
dustries, and with local industry in the 
solving of common problems. It is 
interesting to note that as programs 
grow older, fewer companies work with 
the authority, yet, more interaction 
both on an inter- and intra- 


industry level. The chemical, oil, and 
utility industries are particularly active 
in these fields. 

These programs embody the responsi- 
bilities which industry must accept in 
controlling air pollution. Some of these 
responsibilities are legal and some are 
moral in nature. They exist to the 
public, the stockholder, and the com- 
pany employees. The primary re- 
sponsibility is the existence of a control 
program. It involves educating the 
public, adequate maintenance, research, 
and equipment investment. Out of the 
research responsibility arises the com- 
mon sense obligation of inter- and intra- 
industry co-operation. Through this, 
better and more efficient methods may 
be obtained. The companies should 
co-operate with the authority in all 
ways. Without their aid and assist- 
ance, a community program may be 
ineffective. To the stockholder, the 
company owes the responsibility of 
avoiding all things which may hinder 
their operation. The employees are 
entitled to clean, safe, and enjoyable 
working conditions. 

The acceptance of these responsibili- 
ties yields many advantages. They are 
related to public relations, the em- 
ployees, and economics. The public 
relations advantages involve the reduc- 
tion and removal of restrictive legisla- 
tion and litigation and the improvement 
of company relations with people resid- 
ing in the operating area. Another 
advantage is the high morale, improved 
efficiency, and reduction in absenteeism 
and sickness on the part of employees. 
This yields higher production and less 
lost time. Economic advantages in- 
clude the recovery of material which 
may be reused or sold, an increase in 
land values, a decrease in the soiling and 
corrosion of materials, the lowering of 
plant maintenanee costs, and the reduc- 
tion in fire hazards and objectionable 
odors. 

The case study chapter presents a 
picture of the programs operated by a 
national corporation, a small firm, and 
a public utility in their acceptance of 
responsibility. 

Conclusions 

In conclusion, I present four points for 
consideration. These have been dis- 
cussed in both the text and the sum- 
mary. 

1 The public attitude that industry 
is responsible for all air pollution, 
is erroneous. 

2 Where industry has accepted its 
responsibilities in the control of air 
pollution, legislation is reasonable 
and non-restrictive. 

8 These responsibilities exist to the 
public, the stockholders, and the 
employees. There are also obliga- 
tions for inter- and intra-industry 
co-operation. 
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4 Acceptance of these responsibilities 
yield certain advantages to industry. 
There are economic advantages, 
public relations returns, and em- 
ployee advantages. 


Appendix 


Please indicate those questions not appli- 
cable to your company 


1 Is there a state or local air pollution 
control authority in your plant 
operating area? 

2 Does your company have an air 
pollution control program? 

(a) Is this program directed toward 
control of internal conditions? 

(b) Is this program directed toward 
control of substances released 
into the atmosphere? 

8 If your company is a multi-plant 
operation, are all plants covered 
by this program? 

4 How long has your plan been in 
operation? 

—Over 10 years. 
—Over five years. 
—Under five years. 

§ Prior to the establishment of the 
authority, did your company 
follow a control program? 

6 Do you work with the authority in 


improving and carrying out your 
program? 

7 Do you work with other companies 
in your industry for the solving 
of common problems in this field? 

8 Do you work with other companies 
in your plant operating area to 
solve local problems? 

9 Do you feel that the program fol- 
lowed by your company has re- 
duced or removed the possibility 
of restrictive legislation and litiga- 
tion; which would hamper your 
operations? 

10 Do you feel that the program fol- 
lowed by your company has 
improved your relations with the 
general public in your plant oper- 
ating area? 

11 Does your program result in the 
recovery of materials which may 
be re-used or sold? 


12 Has your program: (please check 
those applicable) 

—Increased land values in your 
plant operating area? 

—Reduced the soiling of materials 
and structures in and around your 
plant? 

—Reduced the fire hazard in your 
plant? 


—Lowered plant maintenance costs? 
—Removed objectionable odors 
which may exist? 

13 Has your program affected your 
employees in any way? 

14 If so, in which of the following ways? 
—Improved working efficiency 
—High morale 
—Less absenteeism and sickness 
—Others (Please comment) 

16 Any comments which you have 
upon industry and its relationship 
to air pollution will be sincerely 
appreciated. 
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with field offices centr. 


pollution. This new de 


NATIONAL COAL ASSOCIATION 


Establishment of a new Air Pollution Control Department within its pc ga. Nal 
sion. This new Department desires to maintain a close working relationship wi 

trol officials, plant managers, government administrative bodies, civic 
cal and trade organizations in matters dealing with air pollution control. 


Formation of an Air Pollution Control Department by the National Coal ‘Association 
represents the first “‘grass roots’ effort by a major industry to combat problems of air 
ent offers advisory services of two experienced engineers, 

y located in Cincinnati, Ohio—serving 16 mid-western and 
southern states—and Colonia, New Jersey—providing service to 


The new Department, already at work with a number of air pollution control agencies, 
can bring to you an exchange of ideas in helping to solve your control problem. 


NCA’s industry-supported Air Pollution Control Department is available to serve you 
now. Send your inquiries or requests to: 


C. Ballman, Director 


Harry 3 
Air Pollution Control Department 


Marketing Division 


National Coal Association 
Coal Building 


1130 Seventeenth Street, N. W. 
Washington 6, D. C. 
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INDUSTRIAL OVENS Designed for Air Pollution CONTROL’ 


Vay few industries or manu- 
factured products would exist today, 
were it not for the many’ functions 
performed by ovens, furnaces,t and 
dryers. Beginning with the drying, 
heat treating, and bonding of raw 
materials, through to final finishing 
operations on the completed product, 
ovens and furnaces are among the most 
versatile and extensively used items of 
modern plant equipment. 

Although designed primarily to pro- 
vide a specific temperature cycle, they 
also serve to contain and control side 
reactions or secondary functions, many 
of which have an important bearing on 
the overall result intended. Air, or 
gases of special composition, usually 
play a vital role in these heating opera- 
tions to accomplish one or more of the 
following functions: 


1 Provide proper combustion of liquid or 

= fuels being used as the source of 
t. 

2 Transport the heat generated from the 
source to the working area or process- 
ing zone of the oven and at the proper 
temperatures. 

3 Provide intended distribution of the 
heat to all areas, surfaces, or sections 
of the products to be processed. 

4 Assist in the oxidation of oils, organic 
coatings, and binders that have been 
applied to materials in process. 

5 Serve as the medium to safely dilute 
and carry away unburned fuel, evapo- 
rated solvents, and otfer flammable 


gases that may otherwise create an ex 


plosion hazard. 

6 Avoid spill of combustible and odorous 
materials into the adjacent working 
areas of the plant. 

7? Prevent contamination to the process 
and mal-operation of equipment from 
by-products that are not fully or per- 
manently gasified during the cycle, 


and which characteristically create | 


a fire hazard from accumulation of 
flammable condensate on concealed 
surfaces. 

8 Maintain product surface characteris- 
tics by providing a protective atmos- 


‘ Presented at the 52nd Annual Meet- 
ing of APCA, June Ra pe 1959, Statler 
Los Angeles, C 


Ovens. opers opernting 700° F are 


phere during the heating cycle to avoid 
metallurgical changes. 


Having fulfilled its purpose, the oven 
atmosphere must eventually be ex- 
hausted and replaced. It is in this 
operation that fire hazard and atmos- 
pheric pollution occurs unless appro- 
priate action has been taken to destroy 


‘the constituents reponsible for these 


results. ~Decontamination and efficient 
use of air in industrial ovens and fur- 
naces will thus influence two important 
considerations, namely Industrial Air 
Pollution and Plant Safety. It is 
accordingly the purpose of this paper 
to bring these problems into focus, 
suggest the importance and magnitude 
of the problem presented, and offer rec- 
ommendations for improving standards 
of operation that can be readily adopted 
for the benefit of all concerned, includ- 
ing the equipment manufacturer, user, 
and community involved. 

A typical example will serve to illus- 
trate the magnitude of the problem pre- 
sented. Many ovens, with modern 
ventilation systems by today’s stand- 
ards, are used for continuous coating 
operations in the manufacture of lami- 


nated plastics, sand-paper, coated fab-— 


rics, metal food containers, and elec- 
trical laminations for motors or trans- 
formers. With high speed automation, 
these ovens are often called upon to 
handle 100 gph of typical hydrocarbon 
solvents with ventilation exceeding 
20,000 cubic ft per min. Since ovens 
of this size represent a major in- 
vestment, they are frequently in ser- 
vice 16 hours per day. A _ typical 
month of operation at normal running 
load will thus result in the delivery 
of 35,000 gal of vaporized hydrocarbons 
to atmosphere. 

To view this figure in terms of atmos- 
pheric pollution or a similar situation 
having greater familiarity, the following 
comparison is offered to automobile 
exhaust emissions. At prevailing rates 
established by the U. S. Department, of 
Public Roads, passenger cars consume 
an average of 80 gal of gasoline per 
car per month. This use results in 
approximately 800 miles of travel per 
ear and simultaneously in the release 
of about 4.8 gal of unburned hydro- 
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carbons to atmosphere. The latter 
figure is obtained from studies of repre- 
sentative car use by the Automobile 
Manufacturer’s Association and other 
groups interested in air pollution con- 
trol. 

Seven thousand three hundred (7300) 
passenger cars operating a distance of 
5,800,000 total miles on our streets and 
highways ure thus required to release 
the amount of unburned hydrocarbons 
that may be discharged by a single 
industrial oven in a span of one month. 
(See Appendix “A” for details.) Al 
though ovens of this size are the excep- 
tion rather than the rule, several thou- 
sand ovens used for the sole purpose of 
enameling magnet wire each release 
over 50 gal of hydrocarbons per day 
(1200 gal/month), and many paint 
finishing ovens in the high production 
industries will release up to three times 
this volume of paint solvents. Another 
100,000 or more ovens in 289,300 U. 8. 
plants release an overall average of 400 
gal per month, or an amount equal to 
hydrocarbon emissions from 83 modern 
200 hp’ automobiles. 

The constituents and resulting density 
of gases released per square mile of 
major urban area will vary widely, but 
the inevitable conclusion is reached 
that the problem is one of sufficient 
proportions to warrant investigation 
and corrective action in major industrial 
areas. From a user standpoint, it is 
also apparent that a tremendous amount 
of energy is being lost, presenting a 
very real challenge to individuals re- 
sponsivle for the selection and design of 
oven equipment to provide better energy 
utilization for future service. 


Sources of Oven Hazards 


The sources of air pollution from 
industrial ovens and furnaces are: 


1 Unburned or incomplete products of 
combustion from fuel-fired heating sys- 
tems. 

2 Vapors released from solvents and other 
highly volatile hydrocarbons used in 
the process. 

3 Heavy hydrocarbons or_organic constit- 
uents such as resins, oils, waxes, etc., 
that may be vaporized or cracked at 
high operating temperatures. 


The hazards requiring specific design 
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Fig. 1. Multiple use of catalyst elements for processing hydrocarbon fumes in a large oven heating 
system. 


and operating consideration from a 
safety standpoint are: 


1 Release of unburned fuel. 

2 Evaporation of flammable vapors in 
concentrations creating an explosion 
hazard. 

3 Accumulation of liquid and resinous 
by-products, including hydrocarbons, 
often causing mal-operation of safety 
equipment, reduced ventilation, and 
secondary fire hazards. 


Comparison of these tabulations will 


reveal that the contributing causes to air 
pollution and safety hazards are identi- 
cal. This logically suggests the oppor- 
tunity for simultaneous correction of 
both problems by initiating action that 
will destroy the basic flammability 
characteristics of the air contaminants 
near the point of origin. Catalytic 
oxidation offers such qualifications, as 
it is basically intended to function at 
elevated temperatures, providing com- 
plete destruction of combustible and 
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Fig 2. 
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organic type vapors regardless of their 
fuel-air relationship. Where and how 
catalysts should be applied to produce 
the intended result becomes a matter 
for further investigation. The impor- 
tant consideration is that singular 
action, properly directed, can accom- 
plish two entirely diverse objectives, 
thus avoiding the need to assess non- 
productive costs against air pollution 
control. 


Ovens Contributing to 
Air Pollution 


Typical processes and types of ovens 
responsible for air pollution include: 


1 Wicket type metal coating and 
lithographing ovens. 
2 Continuous web type impregnation 
ovens for paper and textiles. 
8 Wire enameling ovens, horizontal 
and vertical types. 
4 Metal foil, band, and strip coating 
ovens. 
& Metal lamination or core plate 
ovens. 
6 Oil burn-off ovens and furnaces. 
7 Continuous dryers for glue and 
adhesives. 
8 Monorail and pallet type ovens for 
metal finishing. 
9 Cross bar and elevator type ovens 
for dip paint and varnish systems. 
10 Foundry core ovens. 
11 Wax melting ovens and kilns. 
12 Brake shoe burn-off and bonding 
ovens. ? 
18 Bonding ovens for mica, metal, and 
wood products. 
14 Carbon electrode furnaces. 
16 Dryers for pipe coatings. 
16 Polyvinyl chloride curing ovens. 
17 Metal chip dryers. 
18 Dryers and baking ovens for pack- 
aged food products. 
19 Grain dryers and roasters. 
20 Dryers for fish by-products. 
21 Ovens liberating toxic or poisonous, 
combustible type vapors. 
22 Miscellaneous cabinet or batch ovens 
for general purpose use. 


The above ovens may use steam, oil, 
gas, or electric heating systems with 
one or more heating zones provided, 
depending on the temperature cycle 
required during the process. Heat 
transfer is occasionally provided’ by 
radiation, although more often by forced 
convection. One or more heating zones 
may be employed depending on oven 
size and process needs. Air may be 
circulated through these zones only 
once or it may be recirculated many 
times with a portion being continually 
exhausted to maintain air contami- 
nants below acceptable levels within 
the oven atmosphere. 

To date, most oven exhaust ventila- 
tion is provided primarily to meet 
established safety standards, with little 
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or no regard for air pollution that may 
result. Excessive amounts of vent air 
may be used initially, if plant growth is 
expected to impose increased future 
loads on the oven operation. However, 
when peak loads are reached, typi- 
cal hydrocarbon fumes are commonly 
vented so that vapors from each gallon of 
evaporated product are diluted in 10,000 
cu ft of air. This reduces the potential 
energy concentration as for typical 
paint solvents to: 


120,000 Btu/gal 
10,000 Std cu ft 


Since the lower flammability limit 
for most hydrocarbons is reached at 
approximately 52 Btu/Sef, the above 
assures dilution below 25% of the LEL 
(Lower Explosive Limit), as required 
for insurance approval. 

An analysis of heat utilization in 
most industrial ovens will reveal that 
upwards of 70% of consumed energy is 
spent for safety considerations and often 
as little as 10% for the primary heating 
objectives intended. This ratio of 


= 12 Btu/Std cu ft 


productive to nonproductive expense 
bears investigation as changes in oven 
ventilation are considered for the addi- 
tion or incorporation of air pollution 
This view is supported by 


control. 


analysis of the recoverable “fuel value” 
present in the fumes to be exhausted. 


_ For example, an oven vented at 25% 


LEL carries away energy that is capa- 
ble of raising its own temperature 660° 
F since the thermal capacity of dry 
air is such that each Btu released in a 
cubic foot of air at standard 70°F 
density will raise its temperature ap- 
proximately 55°F. (Appendix ‘B’’.) 
55°F X 12 Btu/Scf = 660°F temp rise 
Since ovens are basically heat con- 
suming devices and their exhaust gases 
inherently contain additional sensible 
heat from the process, it appears most 
logical to evaluate available energy in 
relation to needs, when considering 
means for air pollution control. 
Destruction of air contaminants fre- 
quently cannot be provided at oven 
operating temperature; however, the 


energy released by their oxidation to 


inert carbon dioxide and water vapor 
will very often exceed additional heat 
demands. This process, often referred 
to as ‘flameless combustion,” occurs 
at temperatures ranging from 450°F 
to 750°F, and irrespective of the fuel- 
air relationship. Fundamentals of ca- 
talysis and the types of catalysts avail- 
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able for use in oven and furnace appli- 
cations have been covered in previous 
technical papers. Figure 1 illustrates 
one standard type now extensively 
used by leading oven manufacturers. 


Methods of Applying Catalysts 


Five basic methods for applying 
catalysts to ovens are recommended to 
meet the objectives previously de- 
scribed. Selection will depend upon 
design and operating temperature of 
the oven heating system, available 
space, method of control desired, and 
cost considerations. 


1 A catalyst system operating entirely 
independent of the oven heater is shown 
in Fig. 2. This arrangement provides 
air pollution control without heat return 
to the oven and may be easily added to 
existing ovens. Condensate problems 
external to the oven are eliminated and 
heat release in the catalyst can be used 
to measure the adequacy of flammable 
vapor dilution. A predetermined ex- 
haust volume, suitable for peak solvent 
loads, is usually employed to meet 
safety requirements and fumes are pre- 
heated to the minimum entry tempera- 
ture required for reliable operation of 
the catalyst. Heat from the oxidized 
exhaust gases can be used for an external 
process, such as winter heating of build- 
ing make-up air, water-drying opera- 
tions, or in a waste-heat boiler or super- 
heater. 

2 Most ovens of modern design will permit 
use of catalysts directly in the oven 
heater as shown in Fig. 3. In this loca- 
tion they can effectively supplement the 
usual burner, avoid duplication of hous- 
ing, preheat equipment and controls, 
thereby reducing both fuel and installa- 
tion cost. Complete odor correction is 
not to be expected, although air pollu- 
tion from evaporated hydrocarbons may 
be reduced by 80% or more, thus con- 
tributing substantially to air pollution 
control objectives, and at minimum cost. 
Separate means for exhaust is recom- 
mended to provide positive safety from 
explosion hazards in the event of system 
malfunetion. This system is highly 
effective in reducing the contamination 
level within the oven, and it is ideally 
suited to ovens where solvent release is 
largely confined to an initial zone. 

3 When totally indirect heating is de- 
sired, the arrangement shown in Fig. 4 
is very often used to take the oven aif 
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supply and recirculation streams across 
a heat exchanger. Heat is then sup- 
plied to the system by the combined use 
of a burner, catalyst, and exchanger in 
the exhaust system for maximum energy 
recovery. This arrangement avoids 
return of contaminated gase& to the 
oven in event of equipment malfunc- 
tion, and provides the ultimate in a 
clean oven atmosphere, with external 
air pollution control. 

4 Batch type ovens usually handle much 
smaller heating loads than continuous 
production ovens and consequently their 
air handling systems may be propor- 
tionately smaller. Very often the rate 
of solvent evaporation is unknown and 
therefore cannot be directly related to 
calculations for the Lower Limit of 
Flammability as previously indicated. 
Accordingly, recognized safety stan- 
dards call for the use of 380 Cfim (at 
standard 70° condition) for each gallon 
of flammable products to be used in a 
representative oven charge. Confirma- 
tion of the resulting hydrocarbon dilu- 
tion should be confirmed by analysis of 
the resulting exhaust gases or by check- 
ing the heat of combustion provided in 
the Catalytic heater as shown in Fig. 5. 
This system provides heat recovery from 
the decontaminated exhaust gases, also 
assures location of the exhaust fan at a 
point where condensate cannot accumu- 
late to impair safe and reliable opera- 
tion. 

& Large multiple zone ovens may employ 
air decontamination and heat recovery 
on individual zones by any of the ex- 
haust and heating arrangements pre- 
viously described. In addition, two or 
more zones may be treated in combina- 
tion as illustrated in the flow diagrams 
shewn in Fig. 6. Selection is primarily 
influenced by desired temperature gra- 
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dients, location or distribution of the 
major solvent and fume releases, and 
related cost considerations. 


All of the above systems have been 
field proved with results demonstrated 
to the satisfaction of interested air 
pollution control authorities. In most 
cases, cost considerations are substan- 
tially improved by incorporating the 
air pollution control system as an in- 
tegral part of the initial oven design, 
thus centering responsibility with a 
qualified oven or furnace manufacturer 
for full and complete co-ordination of 
the heating, air pollution control and 
safety considerations, prior to installa- 
tion. In this manner, expected results 
can be readily appraised by the user, 
insurance underwriter, and air pollu- 
tion control authority having jurisdic- 
tion. With qualified handling, this 
practice offers the opportunity to im- 
prove prevailing standards of oven 
operation by providing: 


1 Better and more consistent heating 


results. 

2 Substantial reduction in main- 
tenance. 

8 Greater freedom from fire and 
explosion hazards. 


4 Reduction in fuel demand and 
overall operating costs. 

§ Air pollution control as the by- 
product result of efficient operation. 


Few if any other industrial processes 
afford such opportunity for improving 
air and fuel utilization in the years 
ahead. Ingenuity will be required by 


the oven builder in adapting the best 
or most economical air pollution control 
system to each individual type or tem- 
perature range of oven to be used. 
Wholly new types of ovens may also 
be developed to properly co-ordinate 
and utilize the full advantages herein 
described.. Extension of today’s stand- 
ards for the prevention of atmospheric 
contamination from industrial oven 
and furnace emissions provides the key 
to future accomplishments anticipated 
in this field. 


1. H. R. Suter, ‘Range of A licability of 
Catalytic Fume Al J. Poll. 
Control Assoc., 5 (November, 1056) 

2. R. J. Ruff, “Catalytic Combustion 
Control for Core Baking Ovens,” 
American Foundryman (December, 

1953). 

3. P. H. Goodell, “‘Catalytic Energy Re- 
cuperation for Industrial Process Heat- 
ing,” Industrial 1953). 

4. R. J. Ruff, “Saving Fuel with Catalytic 
be Recovery, Gas (Octo- 

r, 19 

5. P. H. Goodell, ‘Catalytic Combustion 
for Industrial Ovens,” Finish Magazine 
(Apeit, 1956). 

6. R. J. Ruff, “Fume Elimination for Wire 
Firs Ovens,” Wire and Wire 
Products (January, 1957). 

7. P. H. Goodell, “Improving Oven Safety 
by Catalytic Fume Disposal,” Facto 
Insurance Assn., Engineering Council 
Minutes (March, 1956). 

8. R. J. Ruff, “Profits from Waste Gases,”’ 
Engineering Progress (August, 
1957). 


Appendix A 


1 Hydrocarbon emission in the exhaust 
from a processing oven handling 100 
gal/hr solvents. 


100 gal X 16 hr X 22 days = 
35,200 gal/mo 


2 Hydrocarbon emission in automobile 
exhaust gases is estimated from the fol- 
lowing data. Statistics from U. 5. 
Department of Public Roads indicate 
1958 passenger car registrations to be 
approximately 54 million. Correspond- 
ing gasoline consumption by these cars 
is reported at 51,864,631,000 gallons an- 
nually. 


51,864,631,000 
54,000,000 12 


Tests on hydrocarbons in exhaust gases 
from a representative group of cars op- 
erating in the Los Angeles area, has in- 
dicated that six percent of fuel used is 

. discharged as unburned hydrocarbons. 
The average release is accordingly esti- 
mated at: 


80.1 X 0.06 = 4.8 gal/car/mo 


= 80.1 gal/car/mo 


3 Comparison: 
35,200 


= 7330 cars operating at 
4.8 average monthly rate are re- 
quired to exhaust unburned 
hydrocarbons equivalent to the 


example oven. 
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Appendix B 


Heat of combustion in solvent laden oven vapors and related temperatures available by 


catalytic oxidation. 
G.P.H. Solvents per 1000 SCFM Latent Heat 
; Exhaust. when Btu/gal is in Btu/1000 Temperature 
LEL, cu ft at Rise from 
80,000 100,000 120,000 % 70°F Temp. Catalysis, °F 
1.95 1.56 1.30 5 2,600 140 
3.90 3.12 2.60 10 5, 280 
5.85 4.68 3.90 15 7,800 420 
7.80 6.25 “8.2 20 10,400 560 
9.75 7.80 6.5 25 13,000 700 
11.7 9.36 7.8 30 15,600 840 
13.6 10.9 9.1 35 18,200 980 
15.6 12.5 10.4 40 20, 800 1120 


First State Smog-Control Bill 
Controls Automobile Exhausts 


The first state smog-control bill in history was passed recently by the California 
Legislature. Governor Edmund G. Brown signed it into law on April 13. It will 
control air pollution from automobile exhausts. 

The legislation requires the installation of smog-control apparatus on all new 


be acceptable. 


* automobiles sold in California a year after two such devices have been found to 


The Bill was passed during a special session of the Legislation called by Gov- 
ernor Brown. 8S. Smith Griswold, chief of the Air Pollution Control District in 
Los Angeles, predicted that smog would disappear from Southern California 


within six years. 

The provisions of the measure are 
that one year after approval, all used 
cars must be equipped with the devices 
except in counties that rule that they 
have no smog problem. 

Two years after approval, all used 
commercial vehicles must have the 
smog reducers except in the exempt 
counties. 

Three years after approval, all used 
cars must have the devices before they 
can be registered, again except in the 
exempt counties. 

The counties that are excepted must 
make a smog survey every two years 
to prove that their situation has not 
: 
The legislation provides for a 
13-member motor vehicle board in the 
state Department of Public Health. It 
will include nine members appointed by 
the Governor, subjected to confirmation 
by the state Senate. 

The other members will be the di- 
rectors of the state Departments of 
Public Health and Agriculture, the 
Commissioner of the California High - 
way Patrol, and the Director of Motor 
Vehicles. 

An appropriation of $500,000 was 
provided for the Department of Public 
Health in carrying out the provisions of 
the bill. 


Order Your 
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Coal Sulfur Reduced 
In BCR Inc. Labs 


Significant results leading toward the 
probable reduction of sulfur in 
bituminous coals have been achieved 
by Bituminous Coal Research, Inc., 
during fundamental research under co- 
sponsorship of the electric utility and 
coal industries. 

The announcement was made by J. 
A. Keeth, chairman of the Joint Re- 
search Advisory Committee. The pro- 


gram consists of a two-project program. 


whose objective is the reduction of 
atmospheric contaminants in flue gases ; 
it is sponsored by the Association of 
Edison Illuminating Companies and 
Edison Electric Institute jointly repre- 
senting investor-owned electric utility 
companies and Bituminous Coal Re- 
search, Inc., for the coal industry. 
Although financed by electric utility 
and coal industry money, the results of 
this project are expected to be of great 
financial significance to other industries 
—such as steel, chemical, general manu- 
facturing—which burn coal or use it 
as a raw material in manufacturing. 
Working with five high-sulfur bi- 
tuminous coals from different areas of 
the United States, Bituminous Coal 
Research, Inc., has been able to liberate 
a substantial amount of the pyritic 
sulfur from the coal material. As a 
result, the Joint Research Advisory 
Committee and Bituminous Coal Re- 
search, Inc., have concluded that an 
effective process for reducing sulfur in 
bituminous coals is now possible. 


WEST GERMAN 
SUBSIDIARY OPENS 


Richard J. Ruff, President of 
Catalytic Combustion Corp., Detroit, 
Mich., announced recently the forma- 
tion of a new European subsidiary, 
KAVAG (Katalytische Verbrennungs- 
gesellschaft M.B.H.), with offices and 
factory located at Gondsroth-Hessen, 
West Germany. 

Erwin C. Betz has been named Man- 
aging Director of KAVAG. Mr. Betz 
was born and educated in Germany, 
but has spent much of his professional 
life in the United States where he is 
a naturalized citizen. Prior to assum- 


_ ing his new duties, Mr. Betz was Plant 


Engineer for Catalytic Combustion. 

The main offices of Catalytic Com- 
bustion Corp. are located in Detroit, 
with manufacturing facilities at 
Bloomer, Wis. The firm is a major 
producer of catalysts and systems for 
industrial fume elimination, and heat 
or power recovery. In the ten years 
since its introduction, the catalytic 
combustion process has become widely 
recognized for its ability to destroy 
noxious industrial odors and fumes and 
convert them to re-usable heat energy 
by low-temperature catalytic oxida- 
tion. 

The new subsidiary will manufac- 
ture catalysts and catalytic combustion 
systems and perform related services 
for European customers under patent 
license from the parent company. 

The formation of KAVAG now 
allows the extension to Europe of the 
techniques proved in the United States. 
In European countries, where fuels and 
electricity are scarce and costly, the 
value of recoverable heat energy is 
significantly higher than in the U. S. 


Gas Washers Sold 
To Two Sieel Plants 


Two large steel producers have re- 
cently purchased Chemico Venturi Gas 
Washers for installation on their blast 
furnaces. 

The Chemical Construction Corp. 
N. Y., has designed gas cleaning systems 
for Youngstown Sheet and Tube Co. at 


their Campbell Works in Youngstown, ~ 


Ohio; and for the Inland Steel Co., 
Indiana Harbor Works. 

When the Chemico washer is placed 
in operation for Youngstown Sheet 
and Tube, it will mark the 41st Venturi 
unit to be used for cleaning blast fur- 
nace gas by the industry. According to 
Chemico, the washer will be designed 
to clean gases to less than 0.05 gr of 
dust /sef. 
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DESIGN AND PERFORMANCE CHARACTERISTICS of High-Velocity, 


High-Efficiency Air Cleaning PRECIPITATORS’ 


The general objective of the 
work was the basic research and devel- 
opment of a high performance electro- 
static air cleaning precipitator to oper- 
ate at face air velocities in the range of 
25 to 100 fps. The specific design and 
performance requirements included the 
removal of sub-micron air-borne dis- 
persoids at efficiencies up to 99.8% in a 
precipitator of compact size and low 
ozone generation. These requirements 
are in sharp contrast to the performance 
characteristics of conventional air clean- 
ing precipitators which normally oper- 
ate in the velocity range of 6 to 8 fps 
with collection efficiencies of 90 to 95%. 

The initial phese of the program was 
directed towards a specific application 
with the following target specifications. + 


1 Collection efficiency = 99.8% on 
0.7 micron oil fume based on pene- 
trometer measure- 
ments. 

2 Air velocity = 2000 fpm based on 
the gross inlet cross section of the 
precipitator. 

3 Maximum ozone generation = 
0.10 ppm by volume. 

4 Maximum draft loss = 1.0 in. wg. 

5 Maximum precipitator length = 
6.0 ft. 


Theoretical Design Principles and 
Calculations 


A study of the unusually rigid design 
and performance requirements clearly 
indicated the necessity for applying 


_ Scientific design principles and equations 


rather than relying on empirical or 
intuitive approaches. Preliminary cal- 
culations indicated that a two-stage 
precipitator would provide the best 
solution to the problem of achieving a 


* Presented at the 52nd Annual Meeti 
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compromise between the mutually con- 
tradictory objectives of low ozone gen- 
eration and high collection efficiency in a 
precipitator of compact size. Such a 
precipitator consists of a short particle- 
charging section followed by a longer 
eorona-free particle collecting section. 
Although appreciable collection may 
occur in the charging section, it is de- 
signed with the primary objective of im- 
parting a high percentage of particle 
saturation charge in the presence of 
minimum corona current and therefore 
minimum ozone generation. The col- 
lecting section which follows is de- 
signed with the objective of obtaining 
large collecting surface area and a max- 
imum electric field strength in a non- 
discharging electrode system. However, 
it must be emphasized that these design 
objectives must be achieved at no 
sacrifice to the remaining fundamental 
requirement of good aerodynamic gas 
flow. Although precipitation theory 
normally assumes small scale turbulence, 
this requirement becomes increasingly 
important at the target air velocity of 
2000 fpm. 

The important design criteria estab- 
lished from the theoretical evaluation of 
the problem are summarized as follows: 


1 A high level of particle charge in 
the presence of minimum corona 
current for a corresponding mini- 
mum ozone generation. This factor 
indicated the use of a short duct- 
type charging section with each 
duct consisting of one or more wires 
centered between two parallel plates 
to achieve minimum air velocity 
and maximum particle charging 
time. The current limitations fur- 
ther suggested the use of maximum 
duct width commensurate with a 
practical voltage level in the range 
of 35 kv. Such an arrangement 
results in a minimum length of dis- 

. charge wire and corona current per 
unit cross section at a given aver- 


2 Good aerodynamic 


age field strength. 


gas flow and 
uniform gas distribution over the 
precipitator cross section were a 
basic requirement. These factors 
were essential for attaining opti- 
mum particle collection with no 
erosion of the collected material. 
The prevention of erosion is clearly 
required in a non-discharging col- 
lecting field since reentrained par- 
ticles have no opportunity to be re- 
charged for subsequent collection. 
The need for minimum disturbance 
of the inlet flow pattern was also a 
contributing factor in the selection 
of the flat plate ground electrodes 
in the charging section. 


8 The complete elimination of gas 


sneakage around the electrode 
systems was essential for achieving 
99.8% collection efficiency. ‘Ivhis 
was accomplished in the vety short 
charging section by top and bettom 
inlet baffles which insured total 
gas flow through the corona charg- 
ing region before any expansion. 
However, gas sneakage becomes a 
more serious problem in the rela- 
tively long collecting section, and 
was partially responsible for the 
selection of a tube-type collecting 
electrode system. The arrange- 
ment consisted of a nest of smail- 
diameter round tubes containing 
concentric high tension tubes. The 
high tension tubes were supported 
at each end by an aerodynamically 
designed high tension support frame. 
The ends of the outer collecting 
tubes were hexagonal in shape to 
provide compact stacking with a 
honeycomb inlet and outlet cross 
section for maintaining smooth gas 
flow, as compared to a nest of tubes 
fitted into a conventional header 
sheet. 


4 The use” of minimum diameter 


corona discharge wire commen- 
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Fig. 1. Collecting section electrode and high tension frame assembly. — 


surate with adequate mechanical 
strength was indicated in order to 
minimize ozone generation in the 
charging section for a given corona 
current. 


The initial approach in establishing 
the size parameters of an experimental 
unit was based on theoretical calcula- 
tions applied to the following equation 
which governs precipitator efficiency. 


E=1 — e~4+/¥) (1) 


The term w in equation (1) represents 
the velocity component of a particle in 
the direction of the collecting electrode 
due to the electrical forces. The theo- 
retical expression of w is given by equa- 
tion (2). 


304 (2) 


It is of interest to note that the usual 
practice of determining the size (i.e., 
collecting surface area) of industrial 
precipitators for a required efficiency 
and gas flow, is to establish an empirical 
value for (w) in equation (1). This 


value is primarily based on a statistical 


study of w calculated from field measure- 


ments on precipitators previously in- 
stalled for the same application. An 
empirical approach is necessary since w 
is normally a function of variable par- 
ticle size distribution and electric field 
strength which usually cannot be pre- 
dicted for a given industrial installation. 
Additional indeterminate factors in- 
clude gas flow distribution and particle 
erosion which make it advisable to con- 
sider w as an empirical index of per- 
formance for a given application. In 
the case of a unique problem where 
direct experience is lacking, it is neces- 
sary to rely on theoretical principles. 
This approach is surprisingly reliable in 
the case of relatively small custom- 
made units where it is possible to exer- 
cise close control over gas flow and elec- 
trode tolerances and alignment. 

The design of an experimental unit 
for the stated problem was based on an 
arbitrary inlet cross section of 1 sq ft 
and a design gas flow of 2000 cfm at the 
target velocity of 2000 fpm. A charg- 
ing section collection efficiency of 40% 


was assumed on the basis of previous 
research work with particle charging 
sections in the specified gas velocity 
range. With this assumption, the re- 
quired efficiency of the collector section 
was calculated to give an overall effi- 
ciency of 99.8%. 


E-E\ _ 
= (; =F) = 0.9967 = 


99.67% (3) 


Calculation of the required surface area 
for the collecting section for the given 
values of gas flow V and efficiency E, 
necessitated a theoretical calculation of 
w: from equation (2) (the subscript 2 
refers to the collecting section param- 
eters). The values for the average 
charging and collecting fields Ey and E, 
in equation (2) were estimated from pre- 
vious experience with similar electrode 
geometries operating at stable voltage 
levels below sparking. 

The assumed values of EZ) and E, 
were: 


E,(avg) = 10 kv/em = 33 esu 
E,(avg) = 15 kv/em = 50 esu 


The percentage of particle saturation 
charge (y) was calculated for the par- 
ticle charging time and an estimated 
charging section current density. 


+ (estimated) = 0.90 


Replacing for Eo, E,, a, », and y in 
equation (2) gives: 
(0.90) (33) (50) (0.35 x 10-4) 
(6.28)(1.8 x 10~4) 


0.86 x 1 


Substituting the values of V, w., and 
E, in equation (1) and solving for 4: 
gives a value of A, = 100 sq ft. 

The maximum tube surface area for a 
given inlet cross section is obtained by 
using the smallest tube size commen- 
surate with adequate concentric high 
tension tube diameter to prevent sag 
and permit accurate electrode align- 
ment. It was determined that 1.5 in. 
O0.D. thin wall collecting tubes and 0.5 
in. O.D. concentric high tension tubes 
were in the range of the minimum prac- 
tical size to give adequate annular 
electrode spacing of 0.5 in. and less than 
0.01 in. sag per foot of high tension 
tube. A total of 68 collecting tubes 
were nestec| in the one square foot cross 
section with a total surface area: 


1.438L 
12 


For a required A; = 100.sq ft, L = 3.9 
ft. For a maximum allowable length 
of 6.0 ft, a 10 in. long charging section 
and 4.0 ft collecting section allows @ 
margin of 1.2 ft for high tension frame 


A, = 68x sq ft (4) 
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ious electrical clearances be- Table I—Performance Summary of the Initial 6 ft-Long Experimental Unit 
n 
cite These calculations completed the 
tion design principles and precipitator size Theoreti- Ratin Ozone 
effic parameters required to achieve the Target cal oe il ( Mil 
Specifi- Design ires ires 
é target performance. cations Ratings fate Dust) 
Experimental Work and Correlation “as velocity (fpm) 2000 2000 2000 2000 
with Theoretical Design Calculations ing section voltage (kv) < 38 38 + 
Charging section current (ma) 20 12 
(3) The initial experimental unit designed Avg charging section field 
on the basis of the foregoing theoretical 10 10 10 
area evaluation, consisted of a 10-in. long Ozone neration (ppm by vol) 0.10 
iven charging section followed by a 4-ft Max collector voltage (kv) — 18 15 15 
y Es long collector cell. The charging section Max avg collector field (kv/em) — 15 12.5 12.5 
n of comprised four plate-tyre ducts, of Collecto section wrap (%) ex 40 65 55 
pt 2 3-in. spacing with each duct containing Overall ciency (7%) 99.8 : 
‘am- two 5 mil wires per duct. The 4-ft long Coll. section precipitation w (fps) oe 1.90 1.66 1.30 
rage collector cell comprised 68-1'/s in. O.D. Overall pressure drop (in. wg) <1.0 <1.0 0.90 0.90 
d E, nested brass tubes containing '/, in. 
pre- concentric high tension tubes. The 
rod high tension support frame consisted of  USi2g equipment developed and supplied from equation (2) is 1.90 x 12.5/15.0 = 
tans thin aerodynamic blades on the inlet and by the Nava! Research Laboratory. 1.58 fps which is in excellent agreement 
outlet of the collector cell resulting in an The basis of the technique was the chem- with the measured value of 1.66. 
| EB overall length of 6.0 ft to meet the target ical analysis of iodine liberation from a The overall collection efficiency at the 
specifications. The charging and col- Solution of potassium iodide. The reduced particle charging level and 
lecting sections were energized by sepa- experimental Tesults indicated that maximum allowable ozone generation 
rate de power supplies to provide versa- ozone generation in parts per million of 0.10 ppm was 99.2%. Visual ob- 
tility of energization in the experi- was closely proportional to corona cur- servation and measurement of the gas 
f mental phase of the work. rent and inversely proportional to gas flow pattern indicated smooth gas flow 
were on flow rate for a constant corona wire and no erosion of the collected oil. It 
eee fume aerosol of 0.7 micron average diameter. Numerous measurements was therefore concluded that a large 
a particle size determined in the course of were made over a range of wire sizes as a increase in the overall efficiency to 
Millikan oil-drop measurements of par- separate phase of the program, and per- 99.8% at the maximum ozone level, 
ticle charge. Collection efficiencies mitted subsequent calculation of ozone would require a fundamental improve- 
' were determined by a penetrometer generation when evaluating other per- —s ment in performance rather than minor 
ym supplied by the Naval Research Lab- formance parameters. : empirical improvements in design. The 
oratory.* This instrument measures The rapid measuring techniques per- most profitable region for improvement 
relative fume concentrations based upon‘ ™itted a large number of efficiency appeared to be an increase in the collect- 
light scattering of samples drawn con- measurements over a complete range of ing field strength which was invariably 
tinuously from the air stream. The variable gas flow and electrical energiza- _ limited by sparking at the ends of the 
instrument is therefore a continuous ‘ion. Although the performance is collector tubes. Such end effects are 
) fps recording device, and efficiencies were summarized in the curves of Figs.2to4, to be expected and are often eliminated 
normally determined by sampling at a the discussion will be limited toa direct —_in a single tube geometry by gradually 
aad fixed point in the outlet flue with the Comparison of the performance at the flaring the outer tube ends. Although 
ae precipitator de-energized; followed by Predicted theoretical design Jevel, and —_ this cannot be done in a close packed 
an instantaneous measurement upon also at a reduced charging current which _ nest of tubes, an alternative method is to 
eal applying energization. It was believed  “#tisfied the maximum allowable ozone _taper the high tension electrode to a 
1 by that this technique eliminated inac- Concentration. The latter condition smaller diameter prior to the point at 
a curacies due to any uneven aerosol WS obtained at a slightly higher voltage which it emerges from the collector tube. 
high concentration which normally requires level by removing one of the two corona — This presented a problem with hollow 
wd extensive flue traversing when effi- ‘discharge wires in each duct. The thin-walled electrodes which were re- 
lign- ciencies are determined from separate ata are summarized in Table I. quired to minimize sag in a single 4-ft 
in, inlet and outlet measurements. Since A review of the data presented in —_long collector. On this basis, it was 
1 0.5 the design basis for the instrument re- | Table I indicates surprisingly good necessary to fabricate the '/2 in. diam 
ahaa quired uniform particle size, periodic © suecess in achieving the target speci- high tension electrodes in three sec- 
ai particle size measurements were made fications in the initial experimental tions as shown in Fig. 1. The 
“iki and indicated consistent results with unit. All performance requirements tubular center section extended to 
rene 90% of the fume between 0.65 and 0.75 Were attained with the exception of the _ within 2 in. of the end of the outer col- 
pris microns. In addition to providing a  °20ne generation which was 50% above _lecting tube. Solid end pieces approx- 
ia very rapid measuring technique with the target level. Of particular note is _imately 5 in. long were smoothly fitted 
aia low fume concentration (~1.0 milli- the good correlation of the collector to the hollow center section and were 
: gram/cu ft), the instrument indicated section precipitation w’s which in the _ gradually machined down from '/, 
excellent reproducibility of results and case of the theoretical design value of to '/; in. diam at the exit from the 
4) correlated well with check measurements 1-90 fps required calculated values for _ collector tube ends. This construction 
of inlet and outlet weight samples. particle size and electric field strengths. provided a firm cantilever support and 
Ozone measurements were made asa __ It is interesting to note that the average aerodynamic electrode design at the 
: 3.9 function of corona current and air fow Collecting field achieved in the initial gas entry to the collector cell. The 
ngth 2 experimental unit was 12.5 kv/in. as electrode design change resulted in a 
tion ace P compared to 15 kv/in. used in the de- _ significant 33% increase in collector 
vs & Meters. NEL ity Ne 3849 by HW. sign calculations. On this basis, the cell voltage from 15 to 20 kv. This 
fame Knudson and L. White, September, 1945. expected theoretical performance w increase in the average collecting field 
jation June 1960 / Volume 10, Number 3 241 
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Fig. 2. Efficiency as a function of charging section voltage (experimental unit). 


strength increased the overall collec- 
tion efficiency at the target ozone level 
in Table I from 99.2 to 99.85%, thereby 
meeting every performance requirement 
of the stated problem and slightly sur- 
passing the target efficiency. It is 
again of interest to note that a 33% 
increase in the collecting field and there- 
fore the precipitation w in equation (2), 
would theoretically. predict an increase 
in the collector cell efficiency from 
98.2% to 99.55% to give an overall 
efficiency of 99.8%. 

A final review of the experimental 
phase of the program did not indicate 
any additional areas for significant im- 
provement based on theoretical prin- 


ciples. Therefore, the remainder of | 


the program was devoted to attempts to 
surpass the target requirement by 

ign changes of an intuitive nature. 
This included attempts to reduce ozone 
generation and permit higher charging 
voltages by the use of various type 
discharge electrodes, and a re-design 
of the collector cell high tension frame 
support. Discharge electrodes tested 
included various size ribbon electrodes, 
short prong type wires supported by an 


appropriate high tension frame in the 
gas stream, and various wire diameters 
in the conventional duct geometry. In 
the case of the high tension frame design 
changes, overall performance greatly 
deteriorated from 99.85% to the mid 
90% range. The causes were clearly 
apparent from visual observation of re- 
entrainment of the collected oil fume re- 
sulting from gas turbulence caused by 
the inferior high tension frame designs. 
Of the eight discharge electrodes tested, 
all resulted in increased ozone generation 
often accompanied by a decrease in 
collection efficiency. However, the use 
of 7 mil wires were incorporated in the 
final experimental unit to give a safety 
margin of dependability against break- 
age during shock tests which were also 
included as a performance specification. 
The use of 7 mil wires increased the 
ozone generation by 15% at the charg- 
ing section performance level of 40 kv, 
12 ma. This was offset by decreasing 
the voltage-current level to 38 kv at 
9.5 ma to retain an ozone generation of 
0.10 ppm. The effect of reduced charg- 
ing voltage on the collection efficiency 
was a decrease from 99.85% to the exact 


target value of 99.80%. - 


Prototype Design and 
Performance Criteria 


At the successful completion of the 
experimental program, it was required 
to design and construct a prototype unit 
based upon a revised set of final specifi- 
cations. A photograph of the overall 
prototype unit is shown in Fig. 5. 

The altered design requirements were 
as follows: 


1 Reduction in overall precipitator 
length from 6 to 4"/. ft 

2 Addition of automatic hot water 
cleaning sprays preceding the pre- 
cipitator. -These sprays also served 
as a means of applying an adhesive 
film to the collecting electrodes fol- 
lowing cleaning. 

3 Design of right angle transition sec- 
tions containing turning vanes to 
be installed at the precipitator in- 
let and outlet to provide smooth 
gas flow for vertical precipitator 
installation with horizontal inlet 
and outlet flues. Overall height, 
including vane transitions, was not 
to exceed 7 ft. 


The major reduction in precipitator 
length was achieved by reducing the 
collecting tube length from 4 to 3 ft. 
The additional 6 in. was obtained by 
reducing the charging duct length from 
10 to 6 in. and a general tightening 
up of electrical clearances. The effect 
of reducing the collecting cell length by 
25% was obviously reflected by a de- 
crease in collecting performance. In 
order to maintain the design efficiency, 
it was necessary to make a corresponding 
reduction in precipitator gas flow so that 
in the equation of precipitator efficiency, 
the quantity A/V for the collector cell 
remained constant. The revised target 
values were thus changed to 99.8% 
collection at a gas velocity of 1500 fpm. 
As expected, the ozone generation in 
ppm by volume increased 25% due to 
the reduced gas flow. This factor was 
offset by increased treatment time and 
inereased particle charging in the charg- 
ing section at the reduced velocity, 
which permitted a decrease in voltage 
and current in the charging section from 
38 kv-9.5 ma to 35 kv-7.6 ma. This 
maintains a constant corona current 
per unit gas flow and therefore constant 
ozone generation of 0.10 ppm by volume. 
The.performance of the prototype as a 
function of ozone. concentration is 
shown in Fig. 6. The performance 
values achieved by the prototype unit 
at the target level of 0.10 ppm are sum- 
marized as follows: 

Efficiency 99.8% 


Gas velocity 1500 fpm 
Ozone generation 0.10 ppm by vol 


Ove ft (exclu turn- 
tator ing vane 
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Fig. 3. Efficiency as a function of collecting section voltage (experimental unit). 


At the completion of the laboratory 
‘work on the prototype design, the unit 
was placed in service by the Bureau of 
Ships for evaluation of the reliability 
and level of performance during four 
months continuous operation. Elec- 
trical readings were taken daily in order 
to determine a practical cleaning cycle 
that would permit an optimum level 
of energization. It was reported that 
the precipitator maintained the target 
performance during the entire period 
with no failure whatever of the equip- 
ment. It was also determined that a 
practical cleaning cycle of four weeks 
was required to maintain the design 
voltage levels without excessive spark- 
ing (less than 10/hr), and that full 
energization could be applied within 
several minutes after the automatic hot 
water cleaning. 


Full-Scale Unit 


The independent performance evalua- 
tion of the 1500 cfm prototype unit led 
to a request for the design and construc- 
tion of a full-scale unit having a gas 
flow rating of 8600 cfm at 99.8% col- 
lection efficiency. 
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The successful performance of the pro- 
totype resulted in a specification that 
the full-scale unit be an exact scaled-up 
version of the prototype with no sug- 
gestions for any design improvements. 
The full-scale unit was placed in opera- 
tion with the experimental and proto- 
type models with no failure of the equip- 
ment. 


Extension of Work to Treatment 
Velocity of 100 fps 


An extension of the basic research on 
air cleaning precipitators was made in 
the ultra-high velocity range of 100 fps. 
The objective of this work was to deter- 
mine the feasibility of utilizing air clean- 
ing precipitators for the removal of smal] 
quantities of oil fume from high velocity 
wind tunnel air streams. The oil fume 
originated at infrequent intervals as a 


result of compressor gasket failures. 


The slightest oil film deposited on a test 
model surface prevented accurate evalu- 
ation of shock wave patterns, and re- 
quired costly shutdown and cleaning of 
the entire venturi test section. It was 
concluded that electrical precipitators 
might provide a practical solution to the 


problem which required small compact 
equipment that would not add signifi- 
cantly to the volume of the wind tunnel 
system. 

The initial theoretical evaluation of 
the problem indicated the use of a single- 
stage duct-type precipitator, since the 
original target specifications placed no 
limitations on ozone generation. In 
such cases, the single-stage design nor- 
mally provides higher collection effi- 
ciencies and smaller erosion losses than 
the two-stage type. It was evident 
that the principal design problem was 
the need for aerodynamic gas flow, and a 
means for preventing re-entrainment of 
the collected oil fume. The duct-type 
precipitator with high tension frame 
systems out of the gas stream results in 
minimum gas flow disturbances and is 
more amenable to various type baffling 
arrangements for minimizing re-entrain- 
ment. The single-stage unit designed 
and tested in the laboratory, consisted 
of two 3-in. ducts, 14 in. high by 9 ft 
long with each duct containing twenty 
18 mil corona discharge wires. It was 
determined that an important factor in 
the flat collecting plate design was the 
elimination of streamline terminations 
at the trailing edge of the collecting 
plates. Although good aerodynamic 
gas flow and the high current density 
prevented the onset of erosion at gas 
velocities up to 100 fps, it was estab- 
lished that velocities of 150 fps could 
be attained without erosion by the use 
of slotted tube baffles on the trailing 
edge of the collector plates as shown in 
Fig. 7. ‘The collected oil flowed along 
the plate surface to the trailing edge, 
and drained into a sump not contained 
in the gas stream. The slotted tubes 
made no contact with the collecting 
plates, and provided a shielded region of 
low turbulence which prevented blow- 
off normally encountered with stream- 
line trailing edges. 

During the initial investigation of 
single-stage precipitation, concurrent 
studies indicated that ozone concen- 
tration was indeed an important factor 
in the solution of the problem. This 
was evidenced by deterioration of cer- 
tain rubber components in the wind 
tunnel system which could not be con- 
veniently eliminated. On this basis, 
the work was extended to studies of a 
two-stage design which consisted of the 
original single-stage unit with the final 
15 of the 20 discharge wires per duct 
removed in favor of flat-plate non-dis- 
charging high tension electrodes. Al- 
though there was a decrease in collec- 
tion efficiency with the two-stage unit, 
no difficulty was experienced with re- 
entrainment. The ozone concentration 
was kept to a suitable limit, and there 
was a significant decrease in corona 
power requirements. 

The performance data for both the 
single and two-stage units are sum- 
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Fig. 4. Efficiency as a function of ozone generation Liapedmanted unit), 


marized in Table II. Although the 
corresponding theoretical design cal- 
culations are not given for this problem, 
it is important to note that such calcu- 
lations were made based on equations 
(1) and (2). Inall cases, the theoretical 
calculations were found to be in good 
agreement with the performance values, 
with less than 15% discrepancy be- 
tween the experimental and calculated 
precipitation w. 


Conclusion 


The application of scientific design 
principles and equations has provided a 


successful approach to the development 
of high-velocity high-efficiency air clean- 
ing precipitators. Efficiencies of 


99.8%+ have been achieved in both” 


the laboratory and on a full-scale in- 
stallation at gas velocities of 25 to 35 
fps, with ozone generation limited to 
0.10 ppm by vol. The feasibility of 
applying two-stage electrostatic pre- 
cipitation to air cleaning problems at 
velocities as high as 100 fps has been 
demonstrated on a laboratory scale with 
an oil fume aerosol. Reentrainment 
has been effectively prevented by the 
application of aerodynamic principles 


Table ll—Performance Summary of Single and Two-Stage Duct Precipitators 
with Equal Collecting Surface Areas 


Single-Stage Unit Two-Stage Unit 
Gas Velocity 100 fps 50fps  100fps 50 fps 
Collection efficiency (%) 91 98 80 96 
Corona current (ma) 121 121 27 27 
Corona power* (KW) 4.8 4.8 1.2 1.2 
Ozone concentration (ppm by 
vol) est. 1.43 est. 3.05 0.32 0.68 
Pressure drop (in. wg) 2.65 0.80 2.80 0.84 
* Negative polarity—de energization. 


Fig. 5. Photograph of over-all prototype unit. 


which is a fundamental requirement of 
high-velocity precipitator design. 
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Nomenclature 


E = Fractional precipitator collection 
efficiency 

A = Precipitator 
area in sq ft 

V = Gas flow in cu fps 

L_ = Collecting section tube length in ft 

w = Precipitation drift velocity in fps 

y = Fractional particle saturation 
charge 

E, = Average charging field strength 
in statvolts/cm 

E, = Average collecting field strength 
in statvolts/cm 

a = Particle radius in cm 

n = Air viscosity in_poises 


0.86 x 10-° 
a 


collecting surface 


C=1+ 
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Fig. 6. Prototype efficiency as a function of ozone concentration. 


Cunningham correction factor for 
Stokes’ Law where particle size 
is comparable to the mean free 
molecular path. 


Subscripts 
w, denotes charging section 
parameters 
E:, As, denotes collecting section 
parameters 


COLLECTING PLATE 


GAS FLOW 


HV. ELECTRODE 


SLOTTED TUBE BAFFLE_~ 


Fig. 7. End baffle design for flat collecting 
plates. 
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Research Provides 
New Technique 


A new technique, researched by the 
Los Angeles Air Pollution Control Dis- 
trict and the Engineering Department 
of the University of California at Los 
Angeles, reduces the oxides of nitrogen 
in auto exhaust by 80 to 90%. 

A small amount of cooled exhaust 
gas is introduced into the engine intake 
system by means of a. tailpipe-to- 
carburetor, tube and valve device cost- 
ing less than $15. Other smog formers 
must still be controlled by afterburners 
or other devices. Benefits of the 
method: reduces engine knock, lessens 
the need for antiknock compounds in 
gasoline, permits high-compression en- 
gines to operate on lower-cost, lower- 
octane gasoline. There is no uncorrect- 
able power loss in the engine, nor in- 
crease in unburned hydrocarbons in the 
exhaust. 

Why the nitrogen oxides are reduced 
by this method is not clear.as. yet, 
although it is believed that the exhaust 
gas dilutes the oxygen content of in- 
take air, thus lowers the temperature. 


APCA Honors 
Three Members 
At Annual Meet 


Thomas C. Wurts 


William A. Hamor 


¢ @ 

APCA honors three of its members: 
Dr. Robert A. Kehoe, Thomas C. 
Wurts, and Dr. W. A. Hamor. 

Dr. Kehoe is the recipient of the 
Richard B. Mellon Award for his con- 
tributions to the knowledge of the 
effect of atmospheric contaminants on 
human life, for his research in helping 
mankind to better cope with his en- 
vironment; and his generosity in giving 
of his time and experience to further 
local air pollution efforts. 

He is a founder and director of the 
Kettering Laboratory. His guidance 
and counsel have been sought by nu- 
merous industries and governmental 
officials. 

* 

Dr. Hamor and Mr. Wurts have been 
named honorary members of the Asso- 
ciation. Dr. Hamor is retired advisor 
to the APCA Fellowship at Mellon In- 
stitute and former senior Director of 
Research. 

Mr. Wurts, past president of the As- 
sociation and past member of the 
Board of Directors, served with West- 
inghouse Electric Corporation in Sales 
Engineering and Manager of Heavy 
Traction Sales before establishing his 
own office as consulting engineer. He 
was also Director of the Allegheny 
County Smoke Control Bureau from 
1947 to 1959. 

APCA extends its congratulations to 
all three of these gentlemen, and thanks 
them for their contributions to the 
cause. 
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METEOROLOGICAL CONSIDERATIONS in Air Quality PLANNING’ 


JACK M. LEAVITT, U. S. Weather Bureau Research Station, 
Air Pollution Engineering Research, Robert A. Taft Sanitary Engineering Center, Cincinnati, Ohio 


C. planners are now turning 
to land-use programs, especially for 
locating industrial areas, to eliminate 
potential community air pollution prob- 
lems. This land-use approach is par- 
ticularly applicable to progressive com- 
munity growth as it furnishes oppor- 
tunity for co-ordinated expansion of 
industrial, commercial, and residential 
development, while at the same time it 
provides industrial areas strategically 
located so that their pollutant emissions 
will have little harmful effect on the 
community. However, the application 
of air quality features to land-use in- 
dustrial planning is a relatively new 
study and involves many related con- 
siderations which have not yet been 
resolved into workable criteria. For 
instance, further study of the turbulent 
nature of the urban atmosphere and 
the igmospheric effects on effluents, 
ég., solar radiation and precipitation 
washout, is required before the trans- 


port and dispersion characteristics of 
pollutants can be objectively used in 
determining probable dispersion pat- 


terns of air contaminants from known 
sources. From such patterns, the con- 
tribution of various source emissions to 
pollutant levels at various points in 
the community can be analyzed, thus 
providing the city planner, in some 
circumstances, an additional criterion 
for the selection of areas for industrial 
development which would contribute 
minimum atmospheric contamination to 
the community. 


Cannot Be Ignored 


It is appreciated, of course, that the 
relative importance of meteorological 
considerations can, in principle, be 
reduced to negligible proportions by 


appropriate control measures at the 


sources of emission. In many cases the 
economic balance sheet will unques- 
tionably show control at the site to be 
the proper course of action; but in 
drawing up this balance sheet, the me- 
teorological factors should not be 
ignored. 

In Europe, where World Wars I and 


* Presented at the 52nd Annual Meet- 
ing of APCA, June 22-26, 1959, Statler 
Hotel, Los Angeles, Calif. 


II destroyed many communities, con- 
siderable strides have been made in the 
progressive development of community 
planning programs. The new city of 
Stalingrad is a good example, and a 
significant one in that its design was 
based to a large extent on air quality 
considerations. The city (Fig. 1)' was 
laid out in such a manner to preserve 
the air quality of the residential, recre- 
ational, and park areas. This was 
accomplished by dividing the commut- 
nity into two sections which were aligned 
almost perpendicularly to the pre- 
vailing wind direction, providing clima- 
tologically a favorable windward side 
and a less favorable leeward side. The 
two sections were then further divided 
into multiple bands or zones. The 
zones comprising the more favorable 
windward side include the residential, 
park, and recreational areas; and the 
zones comprising the less favorable lee- 
ward side include the industrial, rail- 
road, and green-belt highway areas. 
With this type of zoning the prevailing 
wind first passes over the park and re- 
creational areas, then over the residen- 
tial areas, and then over the green-belt 
area which conceals the main highway 


from the city (located to the right off 


the figure) and separates the residential 
area from the industrial and railroad 
areas. Thus, it is possible to maintain 
good air quality in the residential area 
and yet the homes are but a few miles 
removed from the major pollution 
sources in the industrial zone. 
Communities in this country have 
been spared the devastation of war, 
and consequently have had limited 
occasion to undertake large-scale urban 
redevelopment programs. The Stalin- 
grad plan probably would not apply 
widely in this country where the annual 
wind distribution in most cities is too 
variable to base a city layout on pre- 
vailing wind direction. Likewise the 
economical, social, and other consider- 
ations involved in urban design are of 
higher priority in most cities than those 
relating to air quality. Urban planning 


in this country would therefore require a 
more sophisticated treatment of air 
quality features than in the case of 
Stalingrad where wind direction alone 
was the dominant design criterion. 


Method of Application 


The application of meteorological 
considerations to community land-use 
planning is complex and, at the present 
time, must be highly individualized. 
There is no single method of approach 
that will apply to all planning programs 
because of the myriad of problems en- 
countered in each community. The 
following discussion serves principally 
to illustrate how meteorology may 
contribute to community planning and 
to show, by specific example, how a 
standard method of describing the dis- 
persion of effluents from a single source 
may be used to evaluate source-site 
suitability. 

It should be especially noted that the 
example to be given is not a general 
solution for the application of mete- 
orological considerations to land-use 
planning. The procedures are appli- 
cable to situations in which single 
values of the meteorological parameters, 
such as wind speed and _ direction, 
exist and can be ascribed for the entire 
area of interest. Specifically, the case 
of calm or very light and variable winds 
is not treated, but rather one in which 
the air flow and weather conditions 
might be said to be as normally experi- 
enced from day to day or week to 
week. 

The method of application consists 
of two phases. The first involves 
quantitative estimates of pollution dis- 
tribution patterns from proposed dis- 
tricts marked for industrial develop- 
ment. Such patterns provide an index 
of the relative pollution contributions 
to the community from the various 
districts, and provide the city planner 
a basis from which to select industrial 
districts most likely to contribute to 
the preservation of the community air 
quality. The resolution of specific 
dispersion patterns includes the fol- 
lowing steps: 


1 The mathematical description of a 
hypothetical smoke plume from an ele- 
vated point source and the calculation of 
the average surface concentrations, or 
relative dilution values, at various “is- 
tances downwind as functions of certain 
meteorological parameters. 

2 The modification of pollution dis- 
tribution patterns where local physio- 
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CITY PLAN OF STALINGRAD 
Fig. 1. City plan of Stalingrad. 


graphical influences might alter the air 
flow, and where meteorological conditions 
are such that diffusion equations used in 
the mathematical deéscription of smoke 
plume behavior would not apply. 


Dilution values obtained in step / 
above are combined with wind direc- 
tion frequencies to obtain a composite 
dilution wind rose pattern from which 
estimates of potential pollution contri- 
bution within an arbitrary area, cir- 
cumscribing any one given ‘source, 


may be established. The shape of 
the dilution pattern represents an index 
of the spatial distribution of the 
pollutants. 

Specific modification of dilution pat- 
terns, described in step 2 above, gener- 
ally depends upon the degree to which 
the source districts fulfill certain physi- 
cal location requirements,? which in 
terms of meteorological-topographical 
standards relate primarily to the natural 
exposure features of the area. For 
instance, in most cases it would be ad- 
vantageous to locate a source where 
optimum atmospheric ventilation is 
available for dispersion of effluents. 
An ideal example, in areas of high 
population density, would be to locate 
source areas on relatively high and well 
exposed flat terrain, as opposed to 
relatively low valley type areas, since a 
higher degree of air pollution might be 
expected more frequently in the valley 
areas during certain meteorological con- 
ditions. Valley source areas might also 
be more undesirable from the stand- 
point of creating relatively high pollu- 


tion levels at points where elevated 
plumes intersect higher terrain sur- 
rounding the valley. On the other 
hand, valley sites of low population 
density may prove advantageous for 
channeling or deflecting pollution away 
from community areas located on high 
level terrain adjacent to the valley. 
Obviously then, there is no single set of 
meteorological and topographical lo- 
cation requirements which apply to all 
industrial siting problems. Such loca- 
tion requirements must therefore be 
flexible enough to be used with other 
forms of location standards for selecting 
industrial districts which will benefit 
the health, economy, and the general 
amenities of urban living. Many of 
the physiographical influences which 
cause spatial irregularities in community 
air flow have been described else- 
where.* 

The second phase in the application 
of air quality considerations to industrial 
land-use planning involves the evalua- 
tion of source-site suitability in terms 
of the functional characteristics of the 


i} GREATER TULSA AREA 
INDUSTRIAL LAND USE 
LEGEND: 
CCOJAREAS OF POTENTIAL POLLUTION 
SOURCE. 
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receptor areas, as defined in master 
plan objectives, and the potential 
pollution contribution to the receptor 
areas from the various source sites in 
terms of the respective dilution pat- 


terns. For instance, whether a receptor 


area is designated for residential, for 
recreational, or for commercia! devel- 
opment, the tolerable thresholds of 
atmospheric pollution within that re- 
ceptor area for each use would be of 
prime concern to the city planner. In 
case the threshold values were exceeded, 
perhaps one or more of the proposed 
source areas which contribute to the 
atmospheric contamination of the re- 
ceptor area would have to be eliminated 
as prospective industrial sites. Again, 
decisions of this type are highly sub- 
jective and should be based on the co- 
operation and technical skills of the city 
planner, the air pollution engineer, and 
the meteorologist. 


Example of Method 


Tulsa, Oklahoma, is the site of an air 
resources study conducted jointly by 
the Air Pollution Engineering Research 
unit of the Public Health Service and 
local agencies. The study proposes to 
obtain special meteorological data which 
can be interpretively analyzed for appli- 
cation to community plaaning. Re- 
sults of this study will be incorporated 
into a comprehensive, long-range com- 
munity planning program by the Tulsa 
Metropolitan Area Planning Commis- 
sion. 

Meteorological equipment has been 
installed on a 215-ft radio tower on the 
University of Tulsa campus located 
near the geographical center of Tulsa. 
Three months (September, October, 
November, 1958) of temperature gradi- 
ent data from this tower installation 
and concurrent wind data from the Tulsa 
Weather Bureau Airport Station were 
used in this application. This three- 
month period was determined to be the 
season of highest pollution potential 
by a study‘ completed in 1958. The 
data represent only a fraction of the 
total data required for the final analysis 
and interpretation. Accordingly, the 
following discussion constitutes an in- 
terim evaluation. 

The map in Fig. 2° shows existing 
and proposed heavy-type industrial 
districts in the Greater Tulsa area. 


Districts 1 and 2 are existing centers of | 


heavy industry and are planned for 
limited industrial development, while 
districts 3 and 4 are new areas proposed 
for extensive industrial development. 
The criteria used in locating the pro- 
posed industrial districts is given in 
the Technical Report* from which the 
map was adapted. 

The first phase in this application of 
air quality considerations to the Tulsa 
industrial land-use planning program 


Table | 
Joint creqnenes Distribution of Wind Direction and Wind Speed (Tulsa Municipal Air- 
Verts 


port), ertical Temperature Difference, y* (University of Tulsa), 
November, 1958. 


, October, 


See Appendix A for definitions of n and C:. 


Wind Speed 0-7 Mph 


Wind Speed >7 Mph 


(a = 2.3 mps ———(a@ = 6.0 mps 
I II Ill I-A II-A ITI-A 
Unstable Neutral Stable Unstable Neutral Stable 
(7 (y< (-10°F < > 
—1.0°F), +7 0.0°F), 0.0°F), —-1.0°F), »<0.0°F), 0.0°F), 
n = 0.20, n= 0.25, n 0.33, n=0.20, n = 0.25, n = 0.33, 
Wind 0.306, 0.102, 0.035, 0.277, 0.089, 0.029, 
Direction % Freq. % Freq. % Freq. % Freq. % Freq. % Freq. 
N 2.7 1.3 4.6 8.1 1.0 0.7 
NE 0.9 0.1 0.1 2.1 0.0 0.0 
E 0.9 0.2 0.9 0.6 0.0 0.0 
SE 6.6 2.8 3.3 1.9 0.2 0.0 
Ss 8.8 3.3 5.5 20.7 1.6 1.2 
SW 2.4 0.4 1.4 1.4 0.1 0.2 
Ww 0.5 0.2 0.1 0.7 0.0 0.1 
NW 1.4 0.4 1.5 0.5 0.0 0.1 
Calm 3.4 0.6 4.5 0.0 0.0 0.0 
Total 27.6 9.3 21.9 36.0 2.9 2.3 


* » = temperature difference °F (212 ft-25 ft). 


involved the computation of relative 
pollution concentration patterns for the 
proposed source districts. Briefly, the 
computation required four steps: 


1 The theoretical ground-level concen- 
trations were computed for the effluent at 
distances up to 5000 m from an elevated 
(50 m) continuous point source for each of 
six categories or classifications of meteor- 
ological conditions. (Appendix A.) 

2 The joint frequency distributions of 
wind velocity from the Tulsa Weather 
Bureau Airport Station and temperature 
gradient from the University of Tulsa in- 
stallation were determined for each of the 
classifications. These six classifications 
(Table I) were obtained by grouping low 
and high wind speed categories of zero to 
seven miles per hour and greater than 
seven miles per hour, respectively, into 
three atmospheric stability classes. The 
stability classes were representative of the 
principal forms of thermal atmospheric ~ 
conditions which influence the pollution 
dispersion potential; they include: (a) 
unstable conditions, or large decrease in 
temperature with height; (b) neutral con- 
ditions, or zero to small decrease in tem- 
perature with height; and (c) stable con- 
ditions, or increase in temperature with 
height. Assigned values of mean wind 
speed used in the diffusion computations 
were: (a) five miles per hour for the low 
wind speed class; and (b) 13 miles per 
hour for the high wind speed class. 

3 The computed concentrations at vari- 
ous distances were multiplied by the 
appropriate wind direction frequency dis- 
tribution to establish the resultant surface 
concentrations given by each weather 
classification (Fig. 3). The isolines repre- 
sent surface concentrations in mass units 
per cubic meter for a source emission rate 
of unit mass per second. 

4 The concentrations for each of the 
six classifications were added and super- 
imposed on the three-mile radial receptor 
areas shown in Fig. 4. In essence, the 
figure gives the relative dilution at the 
ground of a unit mass of effluent from a 
source in each of the four districts during 


the three months of concern. Note: Dilu- 
tion patterns for source districts 1 and 2 
were combined because of their close 
proximity. Other things being equal, it 
is apparent that the significance of the 
meteorological factors in land-use planning 
is directly related to the degree of concen- 
tricity of the pattern about the source 
region. Where there is a high degree of 
concentricity in the dilution pattern, pol- 
lutants are likely to be dispersed more uni- 
formly to all encircling receptor areas. 


Second Phase 


The second phase of the application 
deals with the evaluation of the suita- 
bilities of the proposed industrial dis- 
tricts, as determined from relationships 
between the dilution values and the 
functional characteristics of the receptor 
areas. Districts 3 and 4, and their sur- 
rounding terrain were shown to be rela- 
tively flat with excellent exposure. 
Pollutant emissions from these two 
source areas would have optimum 
opportunity to be dispersed without 
adverse effects from wind flow deforma- 
tion induced by irregularities in the sur- 
rounding physiographical features. 
Therefore, these two districts fulfill 
basic meteorological-topographical lo- 
cation standards. 

These two districts also appear to 
be excellent areas for industrial devel- 
opment as their principal pollution 
receptor areas lie in sections designated 
for low population density and for re- 
stricted commercial and industrial de- 
velopment. Thus, the potential air 
contamination from the proposed source 
districts would apparently not consti- 
tute an appreciable hazard to com- 
munity health and welfare in these 
sparsely populated receptor areas. 
However, to appraise further the suita- 
bility of districts 3 and~4 as potential 
industrial development areas, additional 
studies would be required relating to: 
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(a) the formulation of more rigorous 
dilution patterns based on detailed 
investigation of the micrometeorological 
features of the area which determine 
the dispersion characteristics of the 
effluents under various kinds of meteoro- 
logical conditions; and (6) the estab- 
lishment of tolerable levels of the air 
contaminants on humans, animals, 
plants, and other objects within the 
receptor area. Once such information 
is available through the advancement 
of meteorological and epidemiological 
research in air pollution, the city plan- 
ners would be able to formulate im- 
proved industrial planning performance 
standards which would enable pollution 
levels to be maintained within tolerable 
limits established for the receptor area. 

The suitability of districts 1 and 2 
for further industrial development is 
problematical. While most of the 
Greater Tulsa area is relatively flat, 


O7 mph 


Fig. 3. Relative dilution patterns for various weather classifications. 
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there are marked topographical irregu- 
larities in the peripheral areas adjacent 
to these two industrial districts. 
Within an approximate three-mile radius 
there are rises in elevation of about 400 
ft to the north and northwest, 300 ft to 
the southwest, and 100 to 200 ft to the 
east of the river. After preliminary 
consideration, it would appear that dis- 
tricts 1 and 2 would not conform as well 
to basic meteorological-topographical 
standards for industrial development. 
The two districts occupy a portion of a 
shallow river flood-plain where rela- 


tively high levels of atmospheric pollu- . 


tion might develop, especially within 
the vicinity of the principal emission 
sources, during extended periods of 
light winds and stable temperature 
stratification. Possibly this industrial 
pollution would be further supple- 
mented by drainage and channeling 
of contaminated air into the shallow 


valley from adjacent pollution sources. 

The principal receptor areas for dis- 
tricts 1 ond 2 indicate that relatively 
high pollution potential could be ex- 
pected in the hilly region to the north 
where extensive residential development 
is anticipated and in the metropolitan 
downtown district to the northeast. 
Detailed modifications of the dilution 
pattern would probably be required for a 
full analysis of the situation, as there 
are probably marked physiographical 
effects on the air movement in this lo- 
calized area. 

It should be added that the receptor 
areas of source districts 3 and 4 may have 
higher tolerable levels of atmospheric 
contaminants than the receptor areas 
of source districts 1 and 2 because of 
their different functional character- 
istics. This is a further indication 
that performance standard requirements 
for the corresponding source districts 
would probably differ enough to favor a 
more marked industrial development in 
districts 3 and 4. 


Conclusions 


Much work remains to be done in the 
field of air pollution technology before 
air quality considerations can be inten- 
sively applied to many community 
land-use programs. Once the disper- 
sion characteristics of atmospheric pol- 
lutants are known and the ranges of 
tolerance for them in humans, animals, 
and plants are better understood, the 
dilution values can be analyzed jointly 
with the established tolerable pollution 
levels for various receptor areas. Such 
joint analysis should provide a hope- 
fully more realistic index than is pres- 
ently available for evaluating industrial 
district suitability in terms of over-all 
community planning. 

It is hoped that this limited example, 
which is amenable to rather straight- 
forward meteorological treatment, will 
encourage city planners to look further 
into the feasibility of integrating mete- 
orological considerations into land-use 
programs for the ultimate purpose of 
preserving community air quality. 
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Appendix A 

From the following equation,’ the 
long-term average concentration dis- 
tribution downwind from a continuous 
source is determined by diffusing the 
effluent in the vertical only and then 
distributing the effluent over a sector 
of 45°, or ¢/4 radians. This sector 
width is the interval into which the 
wind directions were classified. 
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where 


x = concentration (mass units per 
cubic meter) 

Q = source strength (continuous, 
unit mass per second) 

= mean wind speed (meters per 
second) 

stability parameter (nondi- 
mensional)*® 

C, = generalized vertical diffusion 
coefficient (meters)"/? 

= downwind centerline distance 
ce from a ground point beneath a 
continuous source (meters) 

h = effective height of source 
(meters) 


There should be no serious objection 
to assume anistropic diffusion condi- 


n 


tions for the neutral and stable periods . 


(isotropic for the unstable). There- 
fore, the ratios of C, to C, for the un- 
stable, neutral, and stable categories 
may be considered to be 1, 2, and 4 
respectively. The C, values in Table I 
are thereby obtained by dividing the 
corresponding computed coefficients C,° 
based on a method by Barad and 


Hilst," by 1, V2, and 2. 
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APCA Announces Belyea as Pres; 
Names Five as Board of Directors 


APCA announces the 1960-61 Board of Directors and President of the Asso- 


ciation. 


President Harry A. ‘Belyea serves as Chief Air Pollution Control Officer of 


Metropolitan Toronto. 


A graduate of the University of Toronto in M.E., Mr. 


Belyea also served with the following: Goodyear Tire and Rubber Company ; 


Canadian Underwriters Association, Fire Prevention Engineer; 


Dominion Goy- 


ernment War Department; Industrial Hygiene Division of the Ontario Depart- 


ment of Health, Ventilation Consultant. 


* 


Ralph W. Bourne, Board of Direc- 
tors, is Chief Engineer, Air Pollution 
Control District, Jefferson County, 
Kentucky. Mr. Bourne is a graduate 
in Chemical En- 
gineering at the 
University of 
Pittsburgh and 
has been associ- 
ated with DuPont, 
Reynolds Metals 
Company, Louis- 
ville Soy Products, 
and Louisville 
Registered Pro- 
fessional Engi- 
neers. Mr. Bourne 
has been serving in an engineer’s ca- 
pacity, and became Assistant Chief En- 
gineer and later Chief Comb. Engineer 
for Louisville Registered Professional 
Engineers. 


Ralph W. Bourne 


Austin N. Heller, Board of Directors, 
is Co-ordinator of Long Range Plan- 
ning, Plastics and Coal Chemical Divi- 
sion, Allied Chemical Corporation in 
New York. Mr. Heller claims Johns 
Hopkins University for his Alma Mater 
where he received an A.B. in Chemistry. 


Fred T. Mommsen 


Austin N. Heller 


He attended graduate school at Johns 
Hopkins and received his MS. in 
Chemical Engineering from Iowa State 
College. Mr. Heller has been asso- 
ciated with Wallace and Tiernan Com- 
pany, New York University, Allied 
Chemical Corporation in the Industrial 
Wastes Development Section, Plastics 
and Coal Division as Supervisor. He 
served in the U. S. Navy as Lt. Jr. 
Grade and is at the present time Lt. 
Commander with the US. Naval Re- 
serves. 
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Fred T. Mommsen, Board of Diree- 
tors, is presently Director, Department 
of Air Pollution Control, City of Chi- 
cago. After receiving his degree in 
Combustion Engineering at Hayes In- 
stitute of Engineering, Mr. Mommsen 
went with the City of Chicago where 
he has been for 22 years, serving in the 
following capacities: Junior Combus- 
tion Engineer, Field Supervisor of In- 
spection, and Assistant Director. He 
also represented the APC in the draft- 
ing of the new Chicago APC Ordinance. 


& 


Louis V. Olson, Board of Directors, 
is Director of Water and Air Pollution 
Problems, American Smelting and Re- 
fining Company, Salt Lake City, Utah. 


Louis V. Olson Morton Sterling 
He is a graduate of Stanford University 
with an S.B. in Biological Chemistry 
and an MS. in Metallurgy. He has 
been employed continuously with 
American Smelting and Refining in 
various capacities connected with 
stream and air pollution since 1916. 
2 
Morton Sterling, Board of Directors, 
serves as Chief, Bureau of Air Pollu- 
tion Control, Detroit. He earned his 
B.M.E. at Polytechnic Institute of 
Brooklyn, and has worked with Brown 
Products Company, Morse Boulger, 
Ford Motor Company, and is an In- 
structor in the Mechanical Engineer- 
ing Department, Lawrence Institute of 
Technology. 


CLASSIFIED 


AIR POLLUTION CONTROL OFFI- 
CER position available in the City of 
Lorain, Ohio. Salary open. Address 
request for application to Director of 
Public Services, City Hall, Lorain, 
Ohio. 


SUPREME COURT 
UPHOLDS LAW 
IN DETROIT CASE 


The Supreme Court recently upheld 
Detroit’s anti-smoke ordinance of 1947 
as applied to Great Lakes ships docked 
at the City piers. 

The ordinance was challenged by 
the Huron Portland Cement Co., which 
operates a fleet of four steamships. 

The Company sued to bar enforce- 
ment of the smoke abatement code 
after it had been haled into court for 
violations in 1955. 

Huron argued that the anti-smoke 
requirement interfered with interstate 
commerce. It pointed out that it is 
licensed by the Treasury Department 
to carry on coasting and foreign trade. 

The preme Court of Michigan 
ruled on Jan. 12, 1959, that the ordi- 
nance was no more than a “reasonable 
exercise of local police power.” 

This decision was affirmed seven to 
two by the Federal Supreme Court. 


Reducing Emissions 
(Continued from page 207) 


Pollutants,”’ 1, 662-3 (1954). 

6: Thomas, N. Sanborn, M. 
Mukai, and B. D. Tebbins, Identifi- 
eation of Aldehydes in Polluted At- 
mospheres and Combustion Products. 
Presented before Amer. Chem. Soc., Air 
Pollution Symposium, Chicago, II. 
(Sept., 1958). 

tx Ae Underwood, “The Combustion of 
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8. R. ag ae “The Use of an Impinge- 
ment Baffle Scrubber in Gas Cleaning 
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East Central Section 


* & Section Hi-Lights * + 


The East Central Section is now in the process of planning its annual meeting 
which is to be held Sept. 22-23, 1960, in Detroit, Mich. The tentative program 
which has been issued indicates the meeting will be an interesting and informative 


one. 


Topics which are included for discussion are: Trends in Air Pollution Legisla- 
tion, The Air Pollution Control Team (related to incineration of industrial wastes) , 
Psychology of an Enforcement Program, New Techniques for Solving Some Unique 


Air Pollution Problems, The Present 
Status of Research on Air Pollution 
Health Relationships, Industrial Uses 
of Radioactivity and Its Control. 

In addition, such interesting subjects 
as Current Status and Future Work on 
Vehicle Emission Control Devices and 
Carbon Monoxide as an Air Pollutant— 
A Factor in Traffic Accident Causa- 
tion? will be presented. Arnold Arch, 


executive secretary of APCA, will be 


the luncheon speaker on the second day. 

The ESC wishes to announce that the 
authors of papers and participants in 
the panel discussion at their 1959 an- 
nual meeting, Youngstown, Ohio, will 
answer inquiries regarding their con- 
tributions to this meeting. No formal 
proceedings will be published of this 
meeting. However, authors may be 
able to supply those people interested 
with copies of their papers. A list of 
the topics and authors follows. 


Steel Mill Problems . . . . Granville 
A. Howell, Project Development 


Engineer, U. S. Steel Corp., Pitts- . 


burgh, Pa. 

Case Histories .. .. Alfred L. 
Kiewit, Director of Engineering, 
Coal Producer’s Committee for 
Smoke Abatement, Cincinnati, 
Ohio 

Pollen as a Factor in Air Pollution 
. . . . Samuel R. Zoss, M.D., 
Youngstown Representative, Pollen 
Collecting Committee of the 
American Academy of Allergy, 
Youngstown, Ohio 

Mechanically Wired Dust Collector 
.... Seymour Calvert, Associate 
Prof. of Chemical Engineering, 
Case Institute of Technology, 
Cleveland, Ohio 

Photochemically Initiated Oxidations 
.... Jack G. Calvert, Associate 
Prof. of Chemistry, Ohio State 
University, Columbus, Ohio 

Incinerators to Meet ASA Require- 
ments ... . Richard B. Engdahl, 
Division Chief of Thermal Engi- 
neering, Battelle Memorial Insti- 
tute, Columbus, Ohio 

Training in Air Pollution Technology 
.... James P. Sheehy, Assistant 
Director of Air Pollution Training 
Program, R. A. Taft Sanitary En- 
gineering Center, Cincinnati, Ohio 


Instrumentation for Particulate Sam- 
pling ... . Joseph E. Zatek, Tech- 
nical Products Engineer, Mine 
Safety Appliances Co., Pittsburgh, 
Pa 


Panel Discussion Participants: 

. Bernard A. Dawson, Smoke Con- 
trol Co-ordinator, Division of 
Smoke Regulation, Zanesville, 
Ohio 

John L. Hodges, Chief of Smoke 
Abatement Bureau, Division: of 
Air and Stream Pollution, Cleve- 
land, Ohio 

Richard D. Shafer, Chief Smoke 
Regulation Engineer, Division of 
Smoke Regulation and Inspec- 
tion, Columbus, Ohio 

Morton Sterling, Chief Air Pollu- 
tion Inspector, Bureau of Smoke 
Inspection and Abatement, De- 
troit, Mich. 

Topics: 

A Visual Determination of Air Pol- 
lution 

Reducing the Visible to a Reason- 
able Level 

Sampling the Atmosphere for the 
Invisible 

A Divisible Control of the In- 
visible 


West Coast Section 


The Los Angeles local group of the 
West Coast Section held a dinner meet- 
ing in April after which UCLA’s smog 
research program was discussed. A 
guided tour of the University’s air re- 
action tunnel, especially designed for 
eye irritation studies, followed the 
dinner. The program was presented by 
Harry Buchberg, M.S., environmental 
control specialist; Kenneth Lindh, 
MS., design engineer; Katherine Wil- 
son, Ph.D., expert in air pollution 
chemistry; and Margaret Jones, Ph.D., 
psychologist who has done appreciable 
work in psychophysics. 


In Memoriam... 


I. E. Shaer, of the I. Ernest Shaer 
Co., Brookline, Mass., died November 
29, 1959. 

George A. Patterson, Founder of 
Niagara Frontier Section, passed away, 
May 15, 1960. 


Personalia 


Dr. E. M. Adams of Dow Chemical 
Co., Midland, Mich., has been elected 
chairman of the Manufacturing Chem- 
ists’ Association’s Air Pollution Abate- 
ment Committee. 

He succeeds A. B. Pettit of W. R. 
Grace & Co., New York City. 

OQ. C. Thompson of Union Carbide 
Corp., South Charleston, W. Va., is 
the new vice chairman, succeeding 
Elmer P. Wheeler of Monsanto Chemi- 
cal Co., St. Louis, Mo. Mr. Thompson 
serves also as chairman of the Associa- 
tion’s Water Pollution Abatement Com- 
mittee. 

The chairman and vice chairman are 
elected for two-year terms. 

The 88-year-old MCA represents 
more than 90 percent of the chemical 
production capacity in the U. 8. Its 
Air Pollution Abatement Committee 
was formed in 1949 to disseminate in- 
formation designed to help the industry 
with its air pollution problems. 


Eugene F. Scherr was named man- 
ager of the midwest territory for West- 
ern Precipitation Division, Joy Manu- 
facturing Co. 

With 15 years service in the Chicago 
office Red Scherr is well known in in- 
dustry throughout the midwest. A 
graduate engineer, he will be in charge 
of all company operations for dust and 
fume control equipment. 


* 


Howard W. Lange has been pro- 
moted to manager of the western Terri- 
tory of Western Precipitation Division 
of Joy Manufacturing Co. with head- 
quarters in San Francisco, according to 
R. F. Stewart, Vice President of West- 
ern Precipitation. 


Welcome New Members 


(Continued from page 180) 


Turner, Donald E. 

Salt Lake City, Utah 
Venezia, Ronald A. 
Grand Island, New York 
Weaver, Everett F. 
Pasadena, Texas 


Willett, Howard P. 
New York, New York 


Wilson, Thomas F. 
Chicago Heights; Illinois 
Xintaras, Charles 
Cincinnati, Ohio 
Zisek, E. J. 
Oswego, New York 
Company MEMBERS 


Buffalo Forge Company _ 
Buffalo, New York 


MemBeErs 


Michigan Consolidated Gas Company 
Detroit, Michigan 
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53RD ANNUAL MEETING 
SETS NEW GOALS FOR ‘61 


The 53rd Annual Meeting of APCA 
in Cincinnati, Ohio, was concluded with 
a near-record attendance of 623 scien- 
tists, researchers, doctors, engineers and 
representatives of Federal, state and 
local governmental agencies. 

The Association has set its sites on 
achieving two goals within the coming 
year; increased collaboration with 
foreign countries and a U. S. member- 
ship gain of about 50%. 

President Harry A. Belyea, Chief Air 
Pollution Control Officer of Metro- 
politan Toronto, Canada, reports that 
the presence of a sizable number of 
foreign representatives indicated that 
during the next year collaboration with 
countries abroad will become an im- 
portant aspect of APCA activities. 

Emphasizing that “all forms of air 
pollution will continue to be APCA’s 
targets,” Mr. Belyea said, “from all 
appearances, however, automotive ex- 
haust research again will get a lot of at- 
tention.” 

Various technical papers presented at 
the 53rd meeting dealt with this prob- 
lem which many experts regard as the 
number-one pollution challenge in th 
nation. 

Another important step authorized by 
the board was the decision to increase 
publication of the APCA Journal to 
one issue monthly instead of bi-monthly, 
as soon as advertising revenue justifys 
it. 

Also on schedule before APCA holds 
its 1961 meeting in New York probably 
will be the establishment of closer rela- 
tions with Mexico and the expansion of 
air pollution programs in Canada. 


INFORMATIVE REPORT 


(Continued from page 218) 


9. “The Making, Shaping and Treating 
of Steel,’”’ 6th Ed, U'S. Steel Com- 


pany (1951). 

10. Making, Shapi:,, and Treating 
of Steel, U. S. Steel Corp., 7th Ed., 
p. 338 (April, 1957). 

ll, Allegheny County Bureau of Smoke 
Control, Ninth Annual Report of 
Activities; Appendix 1. Steel and 
Allied Industries Joint Smoke Control 
Research Committee (May 31, 1958). 
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Identical Bills Concerning Air Pollution 
Are Introduced in Senate and House 


Identical bills were introduced recently into the Senate and House of Repre- 
sentatives which provide for public hearings on air pollution problems of more 
than local significance, and extend the duration of the Federal air pollution contro! 


law. 


Senate Bill 3108 and H. R. 10696 propose amendments to the Act of July 14, 
1955, (42 U.S.C. 1857b). The major amendment consists of a new Section 6 which 


would read as follows: 


“(a) Whenever, on the basis of reports, surveys, or studies, he believes it 
appropriate, or whenever requested by any State or local government air pollution 


control agency, the Surgeon General 
may call a public hearing on any prob- 
lem of air pollution which may affect 
or be of concern to communities in vari- 
ous parts of the Nation or which may 
affect any community or communities 
in any State other than the State in 
which the matter causing or contribut- 
ing to the pollution originates. Any 
such hearing shall be conducted before 
a board composed of not less than five 
members, appointed by the Secretary 
of Health, Education, and Welfare, who 
will be representative of the public, 
industry which is affected by or con- 
cerned with the problem, persons who 
are expert or have special knowledge in 
the matter, interested Federal agencies, 
and interested State or local govern- 
ment air pollution control agencies. 

“(b) Subject to regulations of the 
Surgeon General, an opportunity to be 
heard at such hearing shall be accorded 
to all interested persons. 

“(e) After consideration of the in- 
formation presented at the hearing and 
such other information as is available 
to it, the board shall make a report and 
recommendations to the Surgeon Gen- 
eral on such matters as the existence, 
cause, and effect of the air pollution on 
which the hearing was held, progress 
toward its abatement, and other re- 
lated matters. Such reports and recom- 
mendations, together with the com- 
ments and recommendations, if any, of 
the Surgeon General with respect 
thereto, shall be available to the com- 
munity or communities, Government 
agencies, and industries concerned, and 
to the extent the Surgeon General 
deems appropriate, to the public, but 
shall not be binding on any person, 
agency, or organization.” 
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Public Health Survey 
Made on USSR AP Lit 


A survey of USSR literature on air 
pollution and related occupational dis- 
eases is being conducted by Dr. Ben 
S. Levine under a U. S. Public Health 
Service research grant. The first 
volume in the survey has been released 
for sale to the public by the Office of 
Technical Service, Business and De- 
fense Services Administration, U. S. 
Department of Commerce. 

Doctor Levine’s survey is primarily 
for the benefit of the English-speaking 
scientist who wants information on 
Russian air pollution research. The 
survey covers the basic concepts of air 
pollution prevention in the USSR. 

Previous volumes of Russian air 
pollution studies condensed and trans- 
lated by Doctor Levine for the PHS 
include: 

Sanitary Protection of Atmospheric 
Air—Purification of Industrial Dis- 
charge Gases From Suspended Sub- 
stances (OTS 59-21092). Limits of 
Allowable Concentrations of Atmos- 
pheric Pollutants (Book 1—OTS 59- 
21173, Book 2—OTS 59-21174, Book 
3—OTS 59-21175). 

The initial volume of the newest sur- 
vey series is: 

USSR Literature on Air Pollution 
and Related Occupational Diseases, 
Volume 1, B. S. Levine, Ph.D., U. S. 
Public Health Service, Department of 
Health, Education, and Welfare re- 
search grantee, 214 pages, (Jan., 1960). 
(Order OTS 60-21049 from OTS, U. 8S. 
Department of Commerce, Washington 
25, D. C., $3.50.) 


CALENDAR 


June 12-17 Electrical Precipitation Seminar, Department of Electrical Engineer- 
ing and Continuing Education, Pennsylvania State University, Uni- 


versity Park, Pa. 
July 25-29 

Hotel, New York City. 
Sept. 22-23 
Nov. 17 

York, New York. 


13th International Congress on Occupational Health, Waldorf-Astoria 


East Central Section Annual Meeting, Detroit, Mich. 
Mid-Atlantic States Section Meeting, Consolidated Edison Co., New 
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AIR POLLUTION PROBLEM 


remove entrained particulate matter from dryer vents, eliminate noxious gases from purge streams, scrub or absorb * 
corrosive acid mists and fumes from vent systems, you name it— chances are a ‘Buffalo’ Gas Absorber can clean it up. 


They can be designed to provide the optimum capacity and efficiency to render harmless atmosphere discharge at 
minimum first cost with proven low-operating cost. 


— To meet special corrosion requirements, these units can be constructed of carbon steel, rubber lined steel, stainless, 
i and light weight reinforced plastic. Bulletin AP-225 gives details. 


: ' Whatever your air pollution problem, ‘Buffalo’ probably has the answer in its wide range of air handling equipment. 
Contact your ‘Buffalo’ Engineering Representative or write direct. 


BUFFALO FORGE COMPANY purrato, 


Buffalo Pumps Division * Buffalo, New York 
q Canadian Blower & Forge Co., Ltd. * Kitchener, Ontario 


VENTILATING © AIR CLEANING © AIR TEMPERING © INDUCED DRAFT © EXHAUSTING © FORCED DRAFT © COOLING © HEATING e PRESSURE BLOWING 
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NEW RAC HI-FLOW TAPE SAMPLER* 
offers greater testing versatility 


Here is a tape sampler specifically designed 
to collect atmospheric particulate matter in 
a single sample on which multiple tests can 
be made. This versatility is provided through 
utilization of high air flow rates per unit area 
and a microweb filter media. Instrument pro- 
vides for a complete testing range including 


- destructive and non-destructive analyses. 


Compact (15” long, 19”’ wide, 12” high) 
and portable (only 54 pounds), the sampler 
is equipped with a continuous duty, carbon 
vane rotary pump. An automatic timer per- 
mits sampling at any interval from % to 30 
hours in % hour increments. For further de- 
tails, mail coupon or write to: Research Ap- 
pliance Company, Box 307, Allison Park, Pa. 


*Patterned after sampler developed by the Robert A. Taft Sanitary Engineering Center, 
U.S. Public Health Service, Cincinnati, Ohio, and described in Nader, J.S.: “A Versatile, 
High Flowrate Tape Sampler,” JAPCA, Vol. 9, No. 1, May 1959 


Gentlemen: 


Please send me bulletin number 2263 describing the Hi-Flow Tape Sampler. 


Name 


Zone State 


RESEARCH APPLIANCE COMPANY 


Box 307 Allison Park, Pa. 


June 1960 / Volume 10, Number 3 


\ 
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... for identification and control 
This serious work has been the concern of the Airkem 
their methods for identification and development of 
throughout the world as the leader in odor research. 
From this research, Airkem chemists and- engineers 
have developed effective and economical methods of 


governmental facilities. 


“advance in the creation of a healthier environmental 
research facility for 20 years. So effective have been 


counteractants that Airkem has been recognized 


| odor counteraction for Hundreds of industries and — 


Injection of odor sample into sampling port of a Vepor Frail 


Odor control has provided society with an important 


When odors and their control become a factor in yours 
organization you will find it advantageous to consuliam 
the Airkem Specialists. 
Write for a detailed bulletin on odorsaa 
their technology and control. Airkemia 
inc., Industrial Division, Dept. 

241 East 44th St., New York 17, 

FOR A HEALTHIER ENVIRONMENT THROUGH MODERN CHEMISTRE 


— ae 
i = 


write and edit the news, It is reprinted here as a service of information. 


GULF PRESS CONFERENCE 


q 


A service of Gulf Oil Corporation in the cou 
of creating 


@ fuller understanding of the oil industry. 


through the facts as we see thé 


Clean Air: Whose Responsibility? 


There are so many things that make life simpler for us these days. Yet 
some of these very conveniences produce undesirable by-products in the 
form of industrial and automotive exhaust. How can we dispose of these 
wastes without contaminating the air we breathe? That is the problem of 
air pollution control. Science and good judgment have given us some 
answers. As industry and individuals, how far do we still have to go? 


Q. Why bring in the individual? Isn't he 
victim, not culprit, in the smog problem? 


A. To a degree he is both. Take any 
smoking home furnace, trash pile, or car 
engine in need of tuning. Multiply the 
volume of improperly burned fumes by 
the number of such offenders and you 
have trouble-sources that offset any gains 
made by industry. 


Q. What is industry doing on its part to 
keep the air clean? 


A. Industry is spending hundreds of mil- 
lions a year to control and eliminate con- 
taminants formerly discharged into the 
air. As for Oil, the American Petroleum 
Institute has spent—in research, alone— 
$1.3 million on 14 major projects. And 
in a recent three-year period individual 
oil companies have put in more than $66 
million worth of equipment to avoid pol- 
luting air in communities where they op- 
erate. These companies spend $1 million 
@ year more in continuing research. As 
»-you see, clean air costs money. 


Q. Can you point to practical results from 
these expenditures? 


A, Yes, and they often extend well be- 
yond clean air. Take just one factor in 
air pollution: the sulfur compounds in a 
plume of smoke. In Los Angeles, where 
the smog problem is most acute, refiners 
have spent $6 million to eliminate sulfur 
from refinery exhaust. Six hundred.tons 
a day of these waste gases are now con- 
verted to useful by-products. So clean air 
can be good business another way. It can 
sometimes pay its own way. 


Q. Should control measures have to pay 
their own way? 

A, Not at all. Most contidligeactices 
are extra expense which industry under- 
takes in living up to its comimunity re- 


sponsibility. Let's list what refiners have 
done to conserve clean air. Odor elimina- 
tion: they've exploded the notion that 
refineries have to smell bad. Smoke con- 
trol: through reduction of emergency 
flaring to absolute minimum and smoke- 
less burning, they’ve eliminated the re- 
finery as a significant source of trouble. 
Evaporation control: they’ve cut escape of 
contaminants from that source by 70%. 


Q. Yousuggested the motorist can help con- 
trol exhaust from his own car. How much 
pollution does car exhaust account for? 


A. InNew York City, automobiles pump 


~ Out 10,000 gallons of unburned gasoline 


into the air every hour. In Los Angeles, 
they pour about 2,450 tens of smog-pro- 
ducing materials into the air every day. 
It is now agreed by competent scientists 
that automobile exhaust is the principal 
source of air pollution in Los Angeles. 


Q. What about gasoline that’s fully 
burned? How much pollution does it ac- 
count for? 


A. If gasoline could be fully burned in 
an automobile engine, no serious con- 
taminants would be produced. But that 
engine—especially when in poor repair 
—emits some partially burned materials. 


“In the presence of ordinary sunlight these 
emissions undergo the chemical change 


that makes smog. 


. Q. Can’t the oil industry produce a gaso- 


line without smog-causing materials? 


A. Nothing would please the oil indus- 
try more than to develop a truly “smog- 
less gasoline.” But despite much costly 
research, there isn’t such a gasoline 
known today nor is it considered likely 
that one will be developed in the future. 


Q. How is the car maker living up to the 


responsibility for keeping the air clean? 


A. Manufacturers are making a pride 
cal start at solving the problem in tha 
1961 models. They have already speq 
$6 million on basically two approach@™ 
One would send pollutants that n@@ 
escape from the carburetor and crani 
case back into the engine for burning 
The other would clean up partially bur ngq 
gases that get as far as the tailpipe. Ti 
auto industry agrees to share patents @f 
whatever device proves most efficient, 9 


Q. What can the individual car owner i 
to cut down on smog now? 


A. He must make sure his engineis tun ed, 
It will cost him about $25 to $30 a yea 
Yes, smog control costs money. But it# 
estimated a well-maintained car puts 60% 
less pollution into the air (and uses 15% 
to 20% less gasoline) than a car with dirt 
plugs, a too-rich fuel mixture, impropé® 
timing and faulty rings. Such cars woul 
reduce smog enough to satisfy contrg 
officials of almost any city. 


Q. Are you saying different cities haw 
different control requirements? 


A. Yes. Cities have different atmosphetil 
conditions affecting smog formation. If 
Los Angeles, ventilation is poor, and thg 
abundance of sunlight plays havoc, as we 
said, with exhausts. There, almost total 
control is required. But other cities hav 
better natural dispersal of exhausts. Com 
trols satisfactory to one communitg 
should not be adopted as the “‘easy wa 
out” of smog contamination elsewher@ 


Q. Isn’t it true that this contaminatial 
may become a serious health hazard # 
allowed to get worse? q 


A. We can’t ignore any irritant as @ 
health hazard. Public health officials anil 
industry doctors are accumulating coms 
siderable data, but not sufficient to relaté 
air pollution to disease. That is not to sa¥ 
we have reason for complacency. It is up 
to all of us to remove smog as a possibi 
threat to health. 

We welcome further questions and comment 
Please address them to Gulf Oil Corpy 
Room 1300, Gulf Bidg., Pittsburgh 30, Pa 
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